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ABSTRACT:

This report is the user manual for the “Design by Analysis System-Innovative Navigation Structures”
(DBAS-INS). The Windows-based computer program creates a solid, three-dimensional (3D) finite ele-
ment model of innovative structures fabricated using “in-the-wet” construction methods, such as the
Braddock Dam currently under construction in the U.S. Army Corps of Engineers’ Pittsburgh District.
These structures are initially fabricated as a floating shell in a dry dock. The floating shell is divided into
a 2D grid of hollow cells separated by reinforced concrete walls. Most significant structural loads involve
hydrostatic pressures on the walls as the segment is floated to the installation site, lowered to the founda-
tion, and filled with tremie concrete. The individual concrete slabs that form the walls of the cells must be
designed for shear, moment, and thrust loads caused by the expected load combinations on the structure.

DBAS-INS procedures were developed to assist in the design and analysis of innovative navigation
structures by simplifying the steps required to describe a new design, create a finite element model, check
all load cases, design the reinforced concrete structure, and study modifications to the design. The DBAS-
INS program allows the designer to create an accurate finite element model for a complex, 3D structure
and to complete a preliminary layout and design in a fraction of the time normally required. After analy-
sis, the program checks design requirements per ACI 318-02 (American Concrete Institute “Building
Code Requirements for Structural Concrete”) and, based on these results, can automatically modify the
design and reanalyze the model.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not
to be construed as an official Department of the Army position unless so designated by other authorized documents.
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Conversion Factors, Non-Sl to
Sl Units of Measurement

Non-SI units of measurement used in this report can be converted to SI units

as follows:
Multiply By To Obtain
foot-pounds (force) 1.355818 joules
feet 0.3048 meters
inches 254 millimeters
kips (force) per square foot 47.88026 kilopascals
pounds (force) 4.448222 newtons
pounds (mass) 0.4535924 kilograms
pounds (mass) per cubic foot 16.01846 kilograms per cubic meter
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Chapter 1

1 Introduction

1.1 Background

This report is the user manual for the “Design by Analysis System—
Innovative Navigation Structures” (DBAS-INS). The Windows-based computer
program creates a solid, three-dimensional (3D) finite element model of
innovative structures fabricated using “in-the-wet” construction methods, such as
the Braddock Dam currently under construction in the Corps of Engineers’
Pittsburgh District. These structures are initially fabricated as a floating shell in a
dry dock. The floating shell is divided in to a 2D grid of hollow cells separated
by reinforced concrete walls. Most significant structural loads involve
hydrostatic pressures on the walls as the segment is floated to the installation site,
lowered to the foundation, and filled with tremie concrete. The individual
concrete slabs that form the walls of the cells must be designed for shear,
moment, and thrust loads caused by the expected load combinations on the
structure.

DBAS-INS procedures were developed to assist in the design and analysis of
innovative navigation structures by simplifying the steps required to describe a
new design, create a finite element model, check all load cases, design the
reinforced concrete structure, and study modifications to the design. The DBAS-
INS program allows the designer to create an accurate finite element model for a
complex, 3D structure and to complete a preliminary layout and design in a
fraction of the time normally required. After analysis, the program checks design
requirements per ACI 318-02 (American Concrete Institute “Building Code
Requirements for Structural Concrete™) and, based on these results, can
automatically modify the design and reanalyze the model.

The 3D finite element system includes a powerful preprocessor, a finite
element analysis module utilizing conventional shell elements with adaptive
superelements, and a postprocessor to perform and check design calculations.
This program will allow the designer to quickly develop, analyze, improve, and
document designs for innovative navigation structures.

The design by analysis (DBA) session consists of four phases—
Preprocessing, Analysis, Postprocessing, and Modification. The designer can
loop through the last three phases as many times as required to produce an
acceptable or optimal design. When the designer is satisfied with the results, a
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report is generated showing all reinforcement requirements for the slabs in the
structure.

This user’s manual discusses each of the four DBA phases in detail,
explaining the required inputs with illustrations of the input screens and options
available at each step. Two detailed examples are provided in Appendixes A and
B, giving step-by-step instructions on the application of the program to typical
design problems (floor slab and complete section, respectively).

The design by analysis session is run from the main form of the program,
shown in Figure 1.1. Features of the form, which appears as the first screen when
the program is opened, are fully described in later portions of this manual. The
command buttons are grouped in the Menu Bar along the top, an Outline Design
Controls group along the left side, and the View buttons at the lower left.

DBAS-INS - Geametry C:DbyA" Default
Fle Configre Vew Preprocess Analyze Postprocess Modfy Report Help

Outside Shape from Section| A To| B 5
Shape l_— [_

IEIEIL
NININI®
Hix|¥ig

rvle] ' I o

Figure 1.1. Main DBAS-INS form

Required design parameters include the functional design requirements for
the navigation structure, primarily the outside dimensions and spillway geometry.
The hydraulic engineer must provide this information to the structural designer.
The designer can then choose the layout of the diaphragms in the structure
considering the constraints of the functional design (e.g., pier locations). It is
assumed that the location of diaphragm center lines is consistent throughout each
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segment. These will lie on lettered and numbered section lines in the plan view
(see, for example, the plan view sketch shown as Figure 1.2). The designer can
select the thickness of all diaphragm walls. The thickness must be minimized to
reduce weight, but adequate to enclose the reinforcing steel and satisfy the
structural requirements. Tapers to eliminate sharp corners at joints between shells
must be specified by the designer.
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Figure 1.2. Plan view of a dam segment

The designer inputs the location of each diaphragm line to start the
Preprocessing phase. All models are aligned with the global XYZ coordinate
system such that Y is the vertical axis, X is horizontal in the direction of flow,
and Z is horizontal and normal to the flow direction. For ease of description, the
directions are also referenced to cardinal directions, with “north” being upstream
in the XZ plane. Numbered section lines run normal to the direction of flow (in
the “west-east” or Z direction). Lettered lines are in the direction of the flow
(“north-south” or X direction), as shown in Figure 1.3.

The designer next selects one or more generic spillway layouts, modifies the
dimensional parameters to match the hydraulic design, and assigns each spillway
shape to a range of lettered sections. A sketch of the cross section is generated to
allow the designer to modify other parameters such as wall thickness and corner
tapers.

Where there is more than one spillway shape in a segment, a pier wall must
be placed between the two spillways. Although two spillway shapes can meet in
one pier wall, the DBAS-INS program allows the designer to specify only one of
the spillway shapes for the structural model. The designer can input a pier wall
height on a lettered section line. A rectangular pier wall is extended from the top
surface of the spillway to the designated height. Pier walls on adjacent section
lines are enclosed with shell elements.
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DBAS-INS - Geometry C:,DbyA*BradSegt

Ele Configure Yiew Preprocess Analyze Pogtprocess Modfy Report Help
|
"
<%,a
Section 1 *'yt&.i ,
Phase 1 l “!;', -
BZ|iSlsA
XY YZi2ZX
Y ZY | X2 -
wialz I of

Figure 1.3. Perspective view of model with 3D coordinate system

In the Analysis phase, the finite element model is automatically generated
based on preprocessor inputs. The concrete panels are modeled using eight-node,
40-degree of freedom (DOF) shell elements. The designer can select the level of
refinement as the number of shell elements in each direction in an individual slab
or slab segment. This default value must be the same throughout the model in the
vertical direction, but the refinement can be modified in either horizontal
direction. The shell elements are joined by superelements. An adaptive
superelement approach has been developed to quickly generate the necessary
matrices to describe the superelement given geometric parameters. A complete
description of this development is provided in the DBAS-INS Theoretical
Manual (ERDC/ITL TR-03-4).

After generating the model, the designer defines load cases in terms of the
fluid level and density in each cell in the structure, concentrated nodal loads, and
the restraint condition. Static weight of the structure is included, by default, but
may be removed. The finite element equations are then solved to calculate nodal
displacements for each load case. Load factors can be applied to the dead load
and live loads, per ACI 318-02.

The deflected shape of the structure and the shear, moment, and thrust values
in the shell elements can be plotted for each load case in the Postprocessing
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phase. The design module can then be executed to determine the worst-case
design condition in each slab. It will then calculate the required thickness for
shear and determine the required reinforcing in each slab. Slabs that are not thick
enough to meet the design requirement or that require more reinforcing steel than
allowed by ACI 318-02 are highlighted, and a report is generated to output the
design for each slab.

In the Modification phase the designer can change design parameters in
response to analysis results and reanalyze the model. Options are provided to
automatically modify the thickness of inadequate slabs or to reduce the thickness
of slabs with a high factor of safety for shear and low reinforcement ratio. The
model is then recreated and reanalyzed to check the new design.

Once a final design is achieved, the program outputs design information in a
tabular format for printing and in a generic graphical format for creating a 3D
model in a computer-aided design program. The format is described in
Appendix C.

1.2 Installation of DBAS-INS

DBAS-INS is loaded by running the Setup program on the CD provided.

1.3 Program Organization

All program actions are controlled from the menu bar on the DBAS-INS
main form. The succeeding chapters describe each menu option and typical user
inputs. The main menu (Figure 1.1) is organized with general program
management functions on the left, followed by the commands required to
perform operations in each phase, and finally a help option. Additional features
of the main form are described in Chapter 4.

The File, Configure, and View menu selections may be used throughout the
DBAS-INS session. Some configuration changes require the user to redo some
earlier steps, so these should be set early in the session.

The Preprocess, Analyze, Postprocess, and Modify phases are executed in
order. Report generation is typically performed at the end of the session.

Introduction




2 File

The File menu option, shown in Figure 2.1, allows the user to save the
model, access previously stored models, and exit the program.

DBAS-INS - Geameltry CiDbyA " Default
RN Corfigre View Preprocess Analyze Postprocess Modfy Report Help

Outside Shape from Section| A To[ B
Shape r_- l—

Figure 2.1. File menu option

2.1 New

The New option backs up the existing model and reinitializes the global
variables to begin creating a new model.

2.2 Open

The Open option prompts the user to select an existing *.DBA file to
continue a previous modeling session.

2.3 Save

The Save option stores the current model information under the current
model name. An up-to-date *. DBA file is created.

2.4 Save As

The Save As option allows the user to save the current model under a new
file name. The file name is input in the form shown in Figure 2.2.

2.5 Exit

The Exit option leaves the program. The user is prompted to save the current
model.

6 Chapter 2
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Savein | bbyA

{2 Algorithms Pier.dba
E3Backup Rect.dba
=y Detail_Procedure wqgb.dba
C)Figures
=) SuperBackup
|1 Bookex2.dba
BIES @ BookEx.dba
: @ BradSegi.dba
@ BradSeqiNP.dba
BradSegz.dba
| ¢ Fewl.dba
SRR I Fow.dba
@ One.dba

File pame: - Evamplel

. MyNewok - Seveastpe  [DBAfie(dba)

Places -

Figure 2.2. Save As form
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3 Configure

Options under the Configure menu item allow the user to modify some
modeling parameters. The options are shown in Figure 3.1.

DBAS-INS - Geometry C:\DbyA" Default
LT TN View Preprocess Analyze  Postprocess Modify Report Help

Shape from Section[ A To[ B

Figure 3.1. Configure menu option

3.1 Shell Refinement

Each slab or slab segment in the structure will be divided into an M x N grid
of eight-node shell elements. A single default value for M and N is input in the
Shell Refinement form, shown as Figure 3.2. This default value will be the
number of elements in the vertical direction in all vertical slabs, although the
number of shell elements in the horizontal direction may be changed in the
Preprocessing phase. In general, each wall of a single cell in the structure is a
slab; however, in some cases the wall must be divided into two or more slab
segments in order to model some structural details. The most common example is
a lettered section wall, above which the geometry of the spillway consists of two
shapes (e.g., a parabola and a straight line). As with any finite element model, the
accuracy of the results improves with more elements, but the execution time and
required memory also increase. Preliminary models with a refinement of 1 may
be executed to check the model, but a level of at least 3 is usually required for
adequate accuracy when slabs have lines of inflection in the deflected shape.
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| How many shell elements in each di
' orslabsegment?

Figure 3.2. Shell refinement

3.2 Backup Interval

The program automatically writes all model data to two alternating files,
modelname.ba0 and modelname.bal, at the time interval specified in the Backup
Interval box. A third backup file, modelname.dba, can be created through the
Save option in the File menu. The backup frequency can be changed in the
Backup Interval box, shown as Figure 3.3.

r3

Backup Interval

in minutes

Figure 3.3. Backup interval

3.3 Set Tolerance

The tolerance value is used throughout the program to account for small
numerical errors in calculations. In most cases, a distance between two points
that is less than the tolerance value is considered to be zero. The default value,
0.005 ft,' works well for most structures. This value can be changed in the Set
Tolerance box, shown as Figure 3.4.

! A table of factors for converting non-SI units of measurement to SI units is presented on
page viii.
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Set Tolerance

Enter the new tolerance

Cancel

Figure 3.4. Set tolerance

3.4 Dimension Display

All parts of the program except the design procedures will produce valid
results as long as consistent units are used for length and force. However, some
input and output options are easier to use if non-SI (English) length values can be
input as feet and inches. It is expected that the user will work in non-SI units.
Numerical inputs are formatted for feet and inches, which can be entered with or
without the foot and inch signs, separated by a dash (e.g., 17-4” or 1-4). This
option can be turned off by selecting Decimal, as shown in Figure 3.5.

DBA 0 e Dby A Defa

Fle B View Preprocess Analyze Postprocess Modfy Report Help
| Shel Refinement i I’
x Sha ,RMmd Shape from Sechon[ AToiB

xr:‘i Set Tolerance ~ § =~ X
| Cuosron Ceoi | Eraih |
S mepp—————wmeeneienet Decimal

A —

Figure 3.5. Dimension display option
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4 View

The View option shown in Figure 4.1 is used to control the plot that is
displayed on the screen and to generate additional visual renderings of the model
and finite element results. Many options are also available as command buttons
in the lower left corner of the DBAS-INS form. Tool Tips appear when the
mouse passes over a button to describe the orientation of the view in terms of the
cardinal directions.

DBAS-INS - Geametry
LGl Freprocess  Anslyzé "“Postprocsss™ Madfy  Report Help™ ;
pdats ew Shape from Section[ A To[B
Zoom Out
Fit Yiew
Box Zoom
3D Yiews 4
Render >

Plot Control

Figure 4.1. View option

The XYZ coordinate system is aligned such that Y is the vertical axis, X is
horizontal in the direction of flow, and Z is horizontal and normal to the flow
direction. The coordinate axes are shown on the model plotted in Figure 1.3.
Coordinates of the current cursor position are shown in the X, Y, and Z boxes in
the upper left-hand corner of the form.

4.1 Update View (UV)

The Update View command redraws the model using the current window
settings.

4.2 Zoom In (ZI)

The Zoom In command resizes the drawing and updates the plot. The center
point remains fixed in the view, and the drawing scale is enlarged by the Zoom
Factor specified on the Plot Control form (default is 2.00).

Chapter4 View
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4.3 Zoom Out (ZO)

The Zoom Out command resizes the drawing and updates the plot. The
center point remains fixed in the view, and the drawing scale is reduced by the
Zoom Factor specified on the Plot Control form (default is 2.00).

4.4 Fit View (FV)

The Fit View command adjusts the scale of the drawing so that the entire
model fits in the view window. Fit View is automatically executed whenever the
view angle changes.

4.5 Box Zoom (B2Z)

The Box Zoom command allows the user to specify a new window by
selecting opposite corners of a rectangle in the current view that encloses part of
the model. After clicking the command button, the user selects one corner by a
left-mouse button click on the plot. A red rectangle is formed around the selected
region as the mouse is moved. A second left click selects the desired area. The
results of the Box Zoom being executed (Figure 4.2) are shown in Figure 4.3.

4.6 Three-Dimensional Views (XY, YX, YZ, ZY, ZX,
XZ, 1S, SA)

Seven preset 3D Views are available as shown in Figure 4.4. The final
option, Set Angle (SA), allows the user to select angles from which to plot the
view. The first six preset views are labeled such that the first letter designates the
coordinate axis that is aligned with the horizontal direction in the plot. The
second letter is the vertical axis. The direction is also described in the menu and
by a Tool Tip on the command button to identify the cardinal direction with
respect to the structure, assuming that the water flows from north to south. The
IS option plots an isometric view from a predefined angle.

The View Rotation form, shown in Figure 4.5, appears when the Set Angles
option is chosen. The current view angles are displayed New values may be
entered in the text boxes, or values may be adjusted using the scroll bars. The
view is updated when the Apply button is clicked.

4.7 Render

The Render options shown in Figure 4.6 create 3D renderings of the model.
The Solid option plots stresses on the exposed faces of the model. The other
options are used in the Postprocessing phase to view shear (V1, V2), moment
(M1, M2), and thrust (T1, T2) results on the shell elements.
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Figure 4.2. Box Zoom selection
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Figure 4.3. Box Zoom results
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Update \Tlew
ZoomIn Shape from Sechon}___ \ To { B
Zoom Out
Fk View

Box Zoom

45 - West
Render - South
e - Bottom
- East
- North
- Top
1S - Isometric
. SA - Set Angles

Plat Control

Figure 4.4. Three-dimensional view options

r

w View Rotation

File Corfigwe LCl Preprocess “Analyze “Postprocess” ‘Modify Repert™ Help
Update Yiew

1 2eomn Shape from Section] A To rB—
j Zoom Out

Fit \View
Box Zoom
3D Views
Rerder

i Plot Control

Figure 4.6. Render options

The Rendering form shown in Figure 4.7 shows stress results on the outside
of a spillway structure. The user can either let the program automatically assign
the range of stress values or change the Minimum and Maximum value in the
text boxes above and below the color bars. The plotted Component can also be
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changed, and the view will be automatically updated. The view plotted in the
Rendering is controlled by the view setting on the main DBAS-INS form. The
rendering is always plotted in an undeformed condition.

= Rendering

Figure 4.7. Rendering of stresses

4.8 Plot Control

The Plot Control form, shown in Figure 4.8, sets plotting parameters for all
plots after the finite element model is generated. Element types can be turned on
by checking the appropriate Elements box. (The Zoom Factor is explained in
Section 4.2.) Curved shell element boundaries can be plotted as a series of small
line segments by checking Plot Curves. The default is to plot the element side as
two lines connecting the midside node to the corners nodes. The Curve Refine
parameter is the number of segments that make up a curve. Larger values require
more time to update the plot. Checking the Node Numbers box displays on shell
node numbers.
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Figure 4.8. Plot control form

When viewing analysis results, the default plot shows the deformed shape
with actual deflections magnified by a user-input factor. A plot of the original
shape can be superimposed on the model by checking the Original Shape box.
The water or tremie concrete levels in the structure are plotted when the Show
Loads box is checked. Local, numbered axes are plotted on shell elements or in
the lower lefi-hand corner in the Rendering view when Show Local Axes is
checked.

A segment of the model to be plotted can be designated by inputting the
section lines surrounding the desired region in the Extents box. The selected
region is highlighted in red in the miniature plan view. The minimum and
maximum section numbers and letters are displayed to the left of and above the
plot. The X and Z axes are also labels. Figure 4.9 shows the plot of the model in
Figure 1.3 with the options as shown in Figure 4.8. Mid Plane should be checked
to plot stress contours midway between section lines. This option is discussed in
more detail in Section 7.
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Figure 4.9. Results with selected plot options
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5 Preprocess

The Preprocess option shown in Figure 5.1 guides the layout of the structure
and generation of the finite element model. The preprocessing phase begins with
the designer laying out the section lines in the plan view. Numbered sections run
perpendicular to the flow direction. This is the Z direction in the model. Lettered
sections are in the X direction, and Y is the vertical axis. After the diaphragm
layout is defined, the designer draws the outline of each unique spillway section
in the segment by adjusting parameters in predefined templates and assigns the
shape to a range of lettered sections. In the final step, the finite element model is
automatically generated based on the model description.

DBAS-INS - Geometry C:
| File Corfigu(p iew SN Analyze. Postprocess -~ Modify - Report Hek;‘; i

Numbered Sections . -
Lettered Sections P€ Trom Section[ A To[ B

Outfine Section 4

Update Top View
Generate Elements

Figure 5.1. Preprocess option

5.1 Numbered Sections

The designer begins to create the model by describing the location of each
numbered section under the Preprocess | Numbered Section menu item. The
user is prompted to input the number of numbered section lines (Figure 5.2) and
the width of the segment (Figure 5.3). The form shown in Figure 5.4 allows the
user to input the coordinate of the center of each section in the X Coord column.
The default thickness is 1 ft. The center of the first and last sections is one half
the section thickness from the end. The shell refinement can be adjusted for each
cell by changing the default value in the Shell RefN column. The values are the
number of shell elements between the section lines.

The values input in Figure 5.4 are for the segment depicted in Figure 1.2.
Figure 5.5 is a plot of the shell elements for a spillway section with a default
shell refinement of 3 (Figure 3.2) but with the Shell RefN values set as shown in
Figure 5.6.
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Numbered Sections

How many numbered section lines?

0K

Cancel

El

Figure 5.2. Number of Numbered Section lines

Segment Width

How wide is the segment?

oK

Cancel

[1045

Figure 5.3. Width of the segment

w Numbered Section Coordinates

A Coord Thickness Shell RefN
0-6.0" 1-0.0"

16-6.0"| 0-10.0"

- [2)x]

oK

326.0"| 0-100"

Cancel

24-30" 04100

560.0" 1-0.0"
72-0.0" 1-0.0"

86-0.0" 1-0.0"

1
2
3
4

5
5
7
8

104-0.0" 1-0.0"

Figure 5.4. Numbered Section Coordinates form
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Figure 5.5. Shell elements for simple rectangular model

% Numbered Section Coordinates

;:-Enﬁrd "1Thickn§.-33 el éEfN' B
0-6.0" 100" gl

25-6.0"  1-0.0"

50-6.0°1  1-0.0"

75-6.0"  1-0.0"

10060 100" —

Figure 5.6. Modified shell RefN values
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5.2 Lettered Sections

Lettered section locations are entered in the same way as numbered sections.
The spaces between lettered sections are considered to be in the Z direction in the
model. The user is prompted for the number of sections and the length of the
segment. Default values are then assigned based on equal spacing of sections.
Spacing can be modified by changing the Z coordinates at the centers of the
segments in the form shown in Figure 5.7.

w [ettered Section Coordinates

ZCoord Thickness Shell RefL Pier Height
[-6.0" 1-0.0" 0-0.0" OK
16-0.0" 10.0" 0-0.0"
26'-0.0" 1.0.0" 0-0.0"
67'-6.0" 1-0.0" 0-0.0"
78-6.0" 1-0.0" 42-3.625"
89-6.0" 10.0" 42'-3.625"
100-6.0" 1-0.0" 0-0.0"
1400.0" 1-0.0" 0-0.0"
150-0.0" 1-0.0" 0-0.0"
189-6.0" 1-0.0" 0-0.0"
2006.0" 1-0.0" 42'-3.625"
211-6.0" 1-0.0" 42'-3.625"
222'6.0" 1-0.0" 0-0.0"
262-0.0" 1-0.0" 0'-0.0"
272'0.0" 1-0.0" 0-0.0"}
160" 1-0.0" 0-0.0"
322'6.0" 1-0.0" 42'-3.625"
333-6.0" 1-0.0" 42'-3.625"

Cancel
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Figure 5.7. Form to enter location of lettered sections

The values input in Figure 5.7 are for the segment depicted in Figure 1.2.
The Lettered Section Coordinates form is also used to identify the location and
height of pier walls, as shown. A non-zero value in the Pier Height column
indicates a pier wall at that section line. Pier walls should be paired on adjacent
section lines, since the program will generate elements to enclose the pier on the
upstream and downstream face of the segment. A single pier wall may be placed
on the first or last section.
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5.3 Outline Section

The next step is to define the 2D cross section of the
spillway(s) in the dam segment. Spillway geometry is
defined by selecting a template for the outline. The
program sets the length of the section and the diaphragm
locations based on earlier inputs. The adjustable
dimensions are divided in three sets for clarity. The first
set is the parameters needed to describe the outside shape
of the section. The second set is thickness values, and the
third set is taper designations. Command buttons are ,
" available on the left side of the DBAS-INS form to control | .
these and other design options, as shown in Figure 5.8.

Design
 Controls

5.3.1 Spillway templates

Figure 5.8 Outline

Four spillway templates are currently available: design
. . controls
o Fixed-crest weir.
e  Water quality gate bay.
e Standard gate bay.
e Rectangle.

Figures 5.9-5.12 are sketches showing the dimensions that may be adjusted
by the designer to meet the requirements for the segment. Changes to the outside
geometry are reflected in subsequent plots of the section. The position and
thickness of diaphragms are based on inputs described in Sections 5.1 and 5.2
above. The predetermined length of the spillway was defined in the Segment
Width form (Figure 5.3).

Rao{ius\

Length o.clius

Hei;;ht

Predetermined Length

Figure 5.9. Fixed-crest weir template parameter definition
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T

X2 =(Y Coef)Y

Height
Hei;h‘t
Predetermined Length
Figure 5.10. Water quality gate bay template parameter definition
i——Length——l
Rodius XB =Y CoefdY
Height
[]
Hei?ht
Predetermined Length

Figure 5.11. Standard gate bay template parameter definition

Height

—{FPredetermined Lengthi=—

Figure 5.12. Rectangular template parameter definition

5.3.2 Dimension sets
The user can access other Dimension Sets by clicking the Dim Set n button

shown in Figure 5.8. New text boxes are displayed on the plot to allow other
inputs.
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5.3.2.1 Outside shape. The outside shape of the section is controlled by
parameters available in Dimension Set 1. These are labeled and are different, in
general, for each spillway type. The parameters shown in Figure 5.13 are for a
fixed-crest weir. Figures 5.14-5.16 show spillway geometry parameters for other
available templates.

Eength =
Radius® Hadias"”

Figure 5.13. Fixed-crest weir outside shape parameters

Length

Radiis™ |
poadlus 0.

[#05"

3

Figure 5.14. Water quality gate bay outside shape parameters

Length
[zs7

1 )

Figure 5.15. Standard gate bay outside shape parameters
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Height
200.0

Figure 5.16. Rectangle outside shape parameters

$.3.2.2 Thickness. The thickness of the top and bottom slabs as well as the
diaphragm walls can be changed in each cell. Text boxes are located by each slab
in Dimension Set 2 to show the thickness. This set is shown in Figure 5.17 for a
fixed-crest weir.

—
©
Q

I 1-0.0"

0-10.0 5T

_|1no" jro0 |00 [roor

[ 00"J'|1 a0 [T nrﬂ{ a0 ][ ]1'430"):'

|1-00" ‘|1'-0.0" jroo” ]100' |00 Jroor |00

0-10.0 |

Figure 5.17. Fixed-crest weir thickness parameters

5.3.2.3 Taper. The taper properties are specified in Dimension Set 3. The
text boxes for this set are used to input a predefined taper number. The default
taper number, 0, has an 18-in. “Rise” and 12-in. “Run.” These terms define
dimensions relative to surfaces and center lines, as shown in Figure 5.18. The
Run is the horizontal distance from the center of the diaphragm wall to the taper
focal Point (TFP), and the Rise is the distance normal to the slope from the
outside surface of the spillway to the toe of the taper on the diaphragm wall. The
location of the TFP can be modified by the selection of Rise and Run parameters.
Taper dimensions can be different on each side of a diaphragm wall, as shown in
the figure, by defining different Taper Numbers.
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RunL

Rise

Figure 5.18. Taper dimension definition

Taper Numbers are defined in the Taper Types form, shown in Figure 5.19.
The Run and Rise are input in inches. The Add button is clicked to store the
definition. The program forces adjacent vertical tapers to be consistent; that is,
the run must be the same for both the top and bottom taper on one side of a
diaphragm wall. Only one rise value is permitted along the bottom surface.
Different rise values may be applied to tapers on the top. Taper Numbers will be
automatically changed to enforce these rules. More modeling flexibility will be
permitted as more detailed superelements are developed in subsequent releases of
DBAS-INS. Taper number assignments are shown in Figure 5.20.

w Taper Types

Risefin.)

Figure 5.19. Taper Types form
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Figure 5.20. Fixed-crest weir taper parameters

5.3.3 Section number

A single dam segment may have more than one spillway. The designer
creates additional spillways by selecting a new template from the Preprocess |
Outline Section menu item. The user must designate the range of lettered
sections with this spillway geometry using the Shape from Section 4 to B
entries at the top of the sketch (see Figure 1.1). The designer can scroll through
the different sections by clicking the Section n button.

5.3.4 Phase

The DBA session is divided into distinct phases. The type of information that
is plotted is different in each phase. Phase 0 is the preprocessing phase that takes
place before finite elements are generated. The user will switch to the analysis
phase, Phase 1, after generating the finite elements. Postprocessing is performed
in Phase 2. The designer can plot stress contour on cross sections of the model
and calculate and plot shear, moment, and thrust diagrams. It is possible to return
to a previous phase by right-clicking the Phase button; however, switching from
Phase 1 to Phase 0 is not recommended since information generated in Phase 1
may be lost or made invalid.

5.4 Update Top View

The section layout can be modified and verified by updating the top view
(Figure 5.21). The Top View form displays information about the individual
slabs in the model. The slab thicknesses can be modified in this form when the
Display | Thickness/Run option is selected. The values for the Bottom, Top,
Number, and Letter walls are shown in color-coded text boxes (see the Key).
Number and Letter refer to the section line of the vertical wall.
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Figure 5.21. Top view shows section line/diaphragm locations

Some taper properties can also be modified in the form. The run and rise of
the taper along a numbered section line is set in the section layout discussed
above. The run in the E-W direction can then be modified by changing the value
in the Run Left and Run Right boxes at the top of the Top View form. The length
is applied to all tapers on the designated (left or right) side of the lettered section
line. This form will be crowded if a detailed model is being developed and the
user attempts to display the entire model. In this case, the Extents values on the
Plot Control form (Figure 4.8) should be adjusted to plot a smaller region of the
model.

Material property designations can also be modified in the Top View by
selecting the Display | Materials option, as shown in Figure 5.22. Default
material names are assigned to slabs based on their location in the model. The
properties are assigned as described in Section 6.1. The user can change the
properties of an individual slab by clicking the text box and selecting from the
defined materials. In Figure 5.22, the properties of the Top slab element in the
middle of the model are being changed.
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Figure 5.22. Material assignments

The Update button on the form replots the sketch after changes are made to
the desired output. The Shrink button reduces the size of the text boxes so that a
larger portion of the model can be displayed, as shown in Figure 5.23. This is
useful when reviewing design details, since no information is displayed in the
box; it is simply a location to click to request the data.

After analysis, the Top View can be used to display design information for
the individual slabs. The user simply clicks on the corresponding text box, and
details of the slab design are displayed, as shown in Figure 5.24. The results in
the figure are for Bottom Slab 2B. The number designation for top and bottom
slabs is the section lines at the upper lefi-hand corner (NorthWest).

Bottom Slab 2B is bounded by section lines 2, B, 3, and C. The rho values are the
steel ratios required in the slab in each of four layers. The directions, 1 and 2, are
the local axes of the slab as defined in Section 7.2. The signs “+” and “-” refer to
the direction of the moment. The + steel is on the bottom to resist positive
moment, and the - steel is on the top. RhoMin is the required temperature steel
and is based on the full thickness of the slab. The total steel in a given direction
must be greater than RhoMin. RhoMax is 75 percent of the balance steel ratio for
flexure, as required by ACI 318. The Shear Factor of Safety is the factored shear
load divided by the allowable shear strength. This value should be greater than 1.
Tmin is the minimum thickness (in feet) to satisfy serviceability requirements.
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w. Design Results
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thol+= 0 -#0@0
thol- = 1.426571E03 - #3@ 11

thoZ+=0 -#0@0

tho2- = 2.380952E-03 - # 4@12
- thoMin = .002 thoMax = 0213801

Shear Factor of Safety = .7283033

- Thickness = 5833333 Tmin = 5002586
Material = Bottom

Figure 5.24. Design information

5.5 Generate_ Elements

The finite element model is generated by selecting the
Preprocess | Generate Elements menu item. The program will switch to Phase 1
to view the results. The default plot option is to show only shell elements. The
Plot Controls form can be used to select other options.
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6 Analyze

After the finite elements are generated, additional model parameters must be
defined before initiating the analysis. These inputs are controlled by the Analyze
option, shown in Figure 6.1.

Fie Configure View Preprocess Postprotess Modfy Report  Help

. Moterials -
Outside Boundary Conditions echon[TTo rB—
qzoe Shape Zone Pressures

Analyze Model

Figure 6.1. Analyze option

6.1 Materials

Material properties are defined by opening the Materials form under the
Analyze menu item. Six distinct properties can be defined for various
regions/uses in the model. These properties are automatically assigned to the
appropriate elements. The six Material Names are Bottom, Top, Exterior,
Interior, Bracing, and Tremie, as shown in Figure 6.2. Default values can be
selected from the Material Catalog section: Normal-Weight (NW) Concrete,
Lightweight (LW) Concrete, and Steel. All materials are linear elastic.

Diaphragm panels are classified as Exterior or Interior depending on their
location in the structure. Exterior elements are normal-weight concrete by default
because they will be exposed to flowing water. The default material for the
Interior panels is lightweight concrete. Bottom elements are lightweight by
default, and Top elements are normal weight. The default material for Bracing
elements is steel. Figure 6.3 shows the default properties for normal-weight
concrete.
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Figure 6.2. Materials form options
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Figure 6.3. Material definition

The designer can add additional material names and properties and assign
them to individual slabs in the Top View (Figure 5.22). The new material name is
entered on the form, and the Add command button is clicked to add the name to
the list (Figure 6.4). The user then selects the new material name in the Material
Name box and defines the properties.
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w Materials

Material Name IPonmer Material Type

New Material [Fopmer ELASTIC

Young's Modulus |3
Material Catalog

Nw CONCRETE

Weight Density j140 . lé‘;_VEEENCFIETE

Poisson's Ratio ||125

Strength, f'c lgggg

Steel Yield, fy |5[]000

Figure 6.4. Add a new material

6.2 Boundary Conditions

The user can set load factors for the design and select from four boundary
conditions: Continuous Elastic Foundation, Floating, Set-Down Shafts, and
Drilled Piers. These are selected in the Boundary Conditions form, shown in
Figure 6.5.

The Continuous Elastic Foundation (CEF) is used when the segment is
resting on the ground during initial construction and when the segment is grouted
after set-down. The foundation stiffness in the vertical (Y) direction is input in
kips per square foot. Three corners are fixed in the X and/or Z directions to
provide minimal lateral constraint.

w Boundary Conditions

Figure 6.5. Boundary Conditions form

When the Floating (FLT) condition is selected, the draft required to support
the segment is calculated and the corresponding pressure is applied to the bottom

Chapter 6 Analyze




and outsides of the segment. In addition to the minimal lateral constraint applied
in the CEF case, the four corners are supported in the vertical direction by fixed
springs. If the segment is balanced, the force in these springs should be
negligible. The float depth required to provide the needed buoyancy is displayed
on the Boundary Conditions form after calculation.

Set Down Shafts (SDS) can be placed under specified shells by checking that
box and clicking the Define SDS button to activate the Set Down Shaft
Locations form. The lower section number and letter that surround the cell
define the location. The structure for Figure 6.6 has eight section numbers and
five section letters. The bottoms of the cells in the four corners are supported on
shafts. All shell nodes on the bottom of those cells are fixed in the X, Y, and Z
directions. In the figure, the user is entering an X in box (7,D), which places a
set-down shaft under the cell bounded by section lines 7, D, §, and E.

Set Down Shaft Locations

iy s B o o B
oaa e
X

Figure 6.6. Set Down Shaft locations

Drilled Piers (DPS) provide lateral support to the segment under service
conditions. Holes are cast at the bottom of cells that must align with drilled piers.
These are grouted after placement. When the DPS option is selected, the user
inputs the spring stiffness of the pier in the appropriate box of the Drilled Pier
Stiffness form (Figure 6.7), which appears when the Define DPS button is
selected on the Boundary Conditions form. This total stiffness is distributed
among appropriate nodes in both the X and Z directions. The stiffness value
input in box 6B indicates that a drilled pier is located under the cell surrounded
by section lines 6, B, 7, and C.
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Drilled Pier Stiffness (lbfin)

A B c D oK
0
956000
0
0

Cancel

0
956000
0

NI |WIN]a
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ojlojojojolo9]o
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Figure 6.7. Drilled Pier Stiffness form

6.3 Zone Pressures

Significant load cases occur during construction as cells are filled to various
levels with water or tremie concrete. These impose a pressure load on the bottom
of the cells and on the surrounding diaphragms. Up to 10 load cases can be
defined. These results are superimposed on other loads imposed by boundary
conditions. The draft depth is adjusted to account for the additional weight when
the Floating condition is selected.

Fluid levels are specified in the Fluid Depths form that is accessed by
selecting the Zone Pressures option (Figure 6.8). The No (Internal) Pressure case
is Load Case 0 and should have zero depth in each cell. Clicking the OK or
Accept buttons stores the designated depths in the selected Load Case number.
All depths should be input relative to the Y=0 coordinate which is the bottom of
the segment. A positive depth value indicates that the fluid is water with a
density of 62.4 pounds per cubic foot. A negative depth value indicates that the
fluid is tremie concrete. The density of the tremie concrete is input in the
Material form discussed in Section 6.1. Figure 6.8 shows that the user input 12 in
box 2C. The depth of water in the cell surrounded by section lines 2, C, 3, and D
is 12 ft above the bottom of the structure. If the bottom slab is 1 ft thick, the
maximum water pressure inside the cell would be for a depth of 11 ft.
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Depths {ft.)

Figure 6.8. Input Fluid Depths in cells

Nodal forces can also be specified for each load case. Clicking the Node
Force button on the “Fluid Depths (ft.)” form activates the Nodal Force form
(Figure 6.9). Clicking Impose applies the specified load values to the selected
node in the selected Load Case. The user will need to turn on Node Numbers in
the Plot Control Form (Figure 4.8) and zoom in to the region to determine the
correct node number.

Figure 6.9. Nodal Force form

6.4 Analyze Model

The Analyze Model selection runs a full finite element analysis of the
structure using the specified boundary conditions. The nodal displacements are
calculated for the baseline (No Internal Pressure) load case that consists of body
forces due to the weight of the structure and external water pressure in the
floating condition. The additional loads due to internal pressures are run as
separate load cases. These results are superimposed during Postprocessing.
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7 Postprocess

Results from the finite element analysis can be displayed as deformed shape
plots; shear, moment, and thrust contour plots; stress contour plots; and shear,
moment, and thrust diagrams. The concrete slabs can then be designed based on
the structural requirements. These options are available under the Postprocess
menu item (Figure 7.1).

Fle Corfigure View Preprocess Analyze Modfy Report Help

Outside g| Ress on[ A To[B =
Shape Design Concrete r-— [—-

Figure 7.1. Postprocess option

7.1 Deformed Shape

The deformed shapes are controlled by the setting for the
Deformation Multiplier in the Results form (Figure 7.2) that is
displayed when the analysis is complete or when Postprocess |
Results is selected. The load case for the results can be selected
in the Zone Pressures form shown in Figure 6.8. The original
shape can be turned on and off in the Plot Control form
(Figure 4.6). Figure 7.3 is the deformed shape plot of the shell
elements of a spillway model in the floating condition. Figure 7.2. Deformation

multiplier

w Results @

7.2 Shear, Moment, and Thrust Contours

Shear, moment, and thrust results on shell elements are plotted by creating a
rendering under the View | Render option (Figure 7.4). The user selects one of
six components to plot. The solid option is discussed in Section 7.3. The Extents
on the Plot Control form (Figure 7.5) may be changed to allow a clear view of
any shells in the model. These results are presented in units per foot. Shear and
thrust are pounds per foot, and moment is in foot-pounds per foot. Figure 7.6
shows moments on the bottom slab of a floating model. These values are used for
the design calculations.
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Shear, moment, and thrust are reported in local directions. These are
consistent for all slabs of a given type. The definitions are

Bottom — 1 is X direction, 2 is Z direction.

Top — 1 is X direction, 2 is Z direction.

Numbered — 1 is X direction (horizontal), 2 is Y direction (vertical).
Lettered — 1 is Z direction (horizontal), 2 is Y direction (vertical).

DBAS-INS - Geometry C\Dbya' Frwd
Fle Configure “Yiew ' Préprotess " Analyze ~Postprocess - ModifyReport , Help

_
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N\
! "\
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AL hﬁgiiﬁiﬂ"ﬁﬁ‘ ===|l===]
82/ 155
XYIYZ 2%
w2vpe| | T
2 z0 vl |

Figure 7.3. Deformed shape plot

DBAS-ING - Geometry C:\DbyA\Default
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Figure 7.4. View | Render option
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w Plot Control E]@Ig]

~Elements
A R

¥ Shell 1) ,

™ Super Point m

I” SuperLine g | EETHETE

™ Rebar

Zoom Factor | 2 ®
I~ Plot Curves ~ Extents ————

Curve Refine | 10 I 1

I Node Numbers I—A— l"H_
I~ Original Shape l_ér

T~ Show Loads

¥ Mid Plane
™ ShowLocal Axes

Figure 7.5. Set the Extents of the mode! to be
plotted in the Plot Control form

= Rendenng

z
=y

A

Figure 7.6. Moment contours

Figure 7.7 shows the naming convention for the tractions on a shell element.
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Figure 7.7. Shear, moment, and thrust naming
convention :

The view plotted on the Rendering is the same as the current view in the
main DBAS-INS form. Once the Rendering is created, selecting the desired result
in the Component box in the lower left-hand comer of the Rendering form can
plot other response components. The contour intervals can be changed by
entering the desired Minimum and Maximum in the text boxes at the top and
bottom of the contour bars. Click Update to replot the response using the new
intervals. The Automatic intervals can be reset by clicking Aute and then

‘Update. Figure 7.8 shows contours for an out-of-plane shear component.

~ Rendering

EEEETEEE

Figure 7.8. Thrust resuits
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7.3 Stress Contours
7.3.1 Surface stresses

Selecting Solid under the View | Render option (Figure 7.4) plots stress
values on the exposed faces of superelements and shells. The units on these plots
are converted to pounds per square inch. Any of the six stress components can be
plotted by changing the selection in the Component box. Contour intervals can
also be changed, as described in Section 7.2. Figure 7.9 shows the X stress
component on a small model. Stresses are plotted at the surface of both shell and
super elements. These results for stresses in the Z direction are shown in
Figure 7.10.

= Rendering

Figure 7.9. Stress contours on superelements
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w. Rendering

Figure 7.10. Plot of Z-direction stresses

7.3.2 Cross-section stresses

A contour plot is assembled from facets constructed from the shell and super
elements that are cut by the cross section. These are typically quadrilaterals
(triangles are present in prism elements) with the stress value known at each
corner. A value for the stress is calculated at the middle of the quadrilateral by

- averaging the nodal values, and the element is broken into four triangles. The

triangles are plotted with colored bands representing the stress values.

Shear, moment, and thrust diagrams can be extracted from cross-sectional
stress contour plots created in Phase 2. Left-clicking the Phase 1 button on the
main DBAS-INS form (see Figure 7.3) changes the current plot to cross-sectional
stress contours. The plane in the plot is controlled by the current view in the
DBAS-INS Form and Extents selected in the Plot Control form (Figure 7.11).
The stress contours on a Mid Plane cross section are shown in Figure 7.12.
These are stresses midway between two diaphragm walls. When the Z direction
is normal to the plot (XY or YX), the plane is in the North-South direction. It is
plotted for the minimum section letter selected in Extents. When Mid Plane is
checked, the plot is to the right of the minimum section letter, as indicated by the
red line on the Extents sketch.
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= Plot Control

- Elements ——
¥ Shell

¥ Super Point
¥ Superline
™ Rebar

ZoomFactorl 2 ex

™. Plot Curves ~Extents

Curve Refine [ 70 r]_' :
™ Node Numbers IT I‘T
- [~ Originel Shape lT‘ ‘

[T Showloads

¥ Mid Plane
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Figure 7.11. The minimum Extent designates
which cross section to plot
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Figure 7.12. The X-stresses through the midplane of a model
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Plot Control

When the X direction is normal to the plot :
(YZ or ZY), the plane is in the East-West | SuperPoint
direction. It is plotted for the minimum section | F Swertre | -
number selected in Extents (Figure 7.13).

I Showlosds :
{"-ShowlocalAxes -

Figure 7.13. Plot Control
indicating location
Figure 7.14 shows a plot of vertical of the plot in red
stresses through section 1. This cross section
cuts through the midplane of the shell element.

DBAS-ING - Geometry CADbyA'Fewd
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Figure 7.14. Change to a plot of Y stresses on an XY plane
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7.4 Shear, Moment, and Thrust Diagrams

Shear, moment, and thrust diagrams can be plotted for selected regions.
Clicking Plot SMT opens the Shear Moment Thrust form, shown in Figure 7.15.
A Shear, Moment, or Thrust diagram can be plotted by clicking the appropriate
button (Shear, Moment, or Thrust), or all results for the full model can be
plotted by clicking All Three. The results for the full model are difficult to
interpret and, generally, not helpful in design. The default option is to consider
stresses across the entire cross section. However, smaller regions of the plot can
also be identified in the program, to look at the behavior in local areas.

= Shear Moment Thrust

| Selectaplot

Select Box

Al Thiee !

Plotted in-Plane results
ae expressed in units
of moment per unit
depth, &g /R

Figure 7.15. Shear Moment Thrust form

The axis of the plot is defined by the current view selected in the program.
The facet information generated for the contour plot (discussed in Section 5.2) is
scanned to calculate the tractions at 100 X-coordinate values along the horizontal
axis of the selected region. All facets that are intersected by the vertical line
through a given X-coordinate are identified, and the stresses at the two points of
intersection (bottom and top) are interpolated from the nodal values for that facet.
The six stress components are extracted for various plots. The stress distribution
through the designated cross section is then constructed from these data and
evaluated to determine shear, moment, and thrust values.

A region of the model can be selected by clicking Select Box and outlining
the area on the DBAS-INS plot. Figure 7.16 is the plot of cross-sectional stresses.
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Figure 7.16. Select a box for SMT plotting

Shear, moment, and thrust diagrams through the middle of the bottom slab

are plotted in Figure 7.17.
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Figure 7.17. Shear, moment, and thrust on a bottom slab
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7.5 Design Concrete

The program will check to see how well the design meets ACI requirements

and will also designate areas that may be overdesigned. These checks are

performed when Postprocess | Design Concrete is selected. Results from the
design calculations can be viewed by selecting Design Info in the Top View

(Preprocess | Top View to display) and clicking the text box for the slab.

Figure 7.18 is the top view for a typical design with Shrink on (click the Normal
button to return to full-size text boxes), and Figure 7.19 shows the design results.
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w. Top View

.

w [esign Results
- Slab Type Botom 28.

- thol+= 1021655 - # 4@ 12
“thol-= 1021655 -#4@12
tho2+ = 1074048 - # 412
rtho2-= 1074048 -# 4@ 12
- thoMin = 0018 rhoMax = 1.603508E-02
Shear Factor of Safety = 1.883801
hickness = 1 Tmin = 553374
aterial = Bottom

Figure 7.19. Design information

The design information includes the steel ratios and layout for the four layers
of rebar in the slab, as described in Section 5.4.

Chapter 7 Postprocess

49




50

8 Modify

The user can select Redesign under the Modify menu item (Figure 8.1) to
automatically adjust slab thicknesses to improve the design.

DBAS-INS - Geometry (:DbyA" Default

Outside
Shape

Figure 8.1. Modify option

One goal in the design is to produce the lightest structure that meets all
requirements. A second goal is to produce a constructible design that allows for
reuse of formwork and reinforcing schedules that are easy to fabricate. The
automatic redesign procedures developed for DBA are based on these two goals.

Designs are screened to identify slabs that may be overdesigned. These are
slabs with a high factor of safety for shear and a low reinforcement ratio. The
thickness of these slabs is reduced in 1-in. increments and redesigned based on
the shear, moment, and thrust values from the initial analysis. Although this is
not exact, small changes in thickness will have little effect on these results. If the
design for this thinner section is acceptable, the slab thickness is changed in the
design. The thickness is further reduced, and the redesign calculations are
repeated until an unacceptable design is produced.

Similarly, automatic redesign procedures increase the thickness of slabs that
are underdesigned. The shear factor of safety is less than 1 in these slabs, the
steel reinforcement ratio is greater than the allowable, the thickness is insufficient
thickness to construct the slab given the required reinforcement, or the thickness
is less than the minimum allowed for serviceability by ACI 318.
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9 Report

The Report menu item allows the user to generate either a Design Summary
report that lists the requirements for reinforcing steel in each slab in the structure
or a Neutral Geometry File to export drawing information from the model.
These options are shown in Figure 9.1.

Fle Configure - View: "Prepriicess Analyze Postpfocess Modify L=l Helo
- N Design Summary
Outside Shape from Sec Neutral Geometry File

-1 Shape

Figure 9.1. Report option

9.1 Design Summary

The Design Summary is stored in a text file, modelname.rpt. The file lists the
thickness and reinforcement requirements for each slab in the structure.

9.2 Neutral Geometry File

The format for the Neutral Geometry file is described in Appendix C. The
file, modelname.ngf, is a text file containing three sets of data—Spillway
Outlines, Shell Elements, and Super Elements. A simple macro can be created for
a computer-aided drafting (CAD) program to read the data and create lines in a
CAD file.

Chapter9  Report 51




Z Let
X,Num
%
PN
338 psf N
Factored Load i
7 inch thick ®
o
w
o
L 3sp@24’ =72’ |
a. Plan view
't = |
USRS SR SO
e Botfor #3 @ 8.5 o Botom#3@8.5 Top#4 @412
[+
& g \ g:
ol o
]
s
R . Top #4 @12
ol | -
a5t Middle Strip = 15 ft . 45#
b. Textbook solution

Figure A1. Floor slab design

The structure is modeled in the Design by Analysis System-Innovative
Navigation Structures (DBAS-INS) as a rectangular floating segment with three
bays in each direction. The bottom of the segment simulates the floor slab. The
density of the concrete in the structure was adjusted so that the net pressure on
the bottom of the segment was equal to the factored load on the floor slab. Net
pressure is the applied pressure reduced by the actual weight per square foot of
the concrete slab. The factored floor load in the example was 338 psf, and the
weight of this 7-in.-thick slab is 88 psf. The required draft on the floating
structure to exert this pressure is 426 psf/ 62.4 pcf = 6.83 fi. The density of all
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concrete, other than that on the bottom, was set to 100.4 pcf in order to create this
load condition. Results on the slab panel in the center of the structure will be
evaluated since loads on that slab are most like those on a floor slab; that is, they
will not be greatly affected by pressures on the side walls.

2 Configure

Executing the DBAS-INS program opens the form shown in Figure A2. New
model creation can begin with options in the Preprocess menu item, but the user
should check the options under the Configure menu item (Figure A3) first.

DBAS-INS - Géoﬁetry C‘ I)BymDefault
Fle “Configure * Yiew  Brepeocess -Analyze: Postprocess | Madfy . Repart Help

Outside Shape from Section; A To
Shape r_ r—

| Outline
- Design
. Controls

3 DmSeﬁi |

BZ IS |SA
Xy P g B
x|z xz

I Ol

Figure A2. DBAS—INS form
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DBAS-INS - Geometry C:\DbyA" Defauit
DS TER View Preprocess Analyze Postprocess Modfy Report Help

e ement Shape from Section[ A To[ B
Set Tolerance

| Dimension Display

Figure A3. Configure menu item

The user should select an appropriate level of refinement for the finite
element mesh. Three elements were used in each direction in the preliminary
model. The value is entered in the Shell Refinement form shown in Figure A4.

Shell Refinement @
How many shell elements in each direction in each slab
or slab segment?

| Cancel ‘
I3

Figure A4. Shell Refinement form

The model is saved to a backup file at regular intervals. If program execution
is stopped for any reason, the user can retrieve most of the work performed up to
that time. The default value for the backup interval is 1 min. This can be changed
in the Backup Interval form shown in Figure AS5.

Enter the new backup interval in minutes

Cancel

[

Figure A5. Backup Interval form

The tolerance value is used throughout the program to account for the effects
of numerical round-off errors. Two points that are less than this value from each
other are considered to be at the same point. The default value of 0.005 ft works
well in most applications but can be changed in the Set Tolerance form
(Figure A6).
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Set Tolerance

Figure A6. Set Tolerance form

3 Preprocess

After verifying the configuration settings, the user begins the preprocessing
phase. The Preprocess menu options are shown in Figure A7. The first step is to
input the locations of the diaphragm walls. The beams in the floor slab example
must be modeled as walls in the DBAS-INS program. The section lines are
placed at the beam center lines shown in Figure Ala.

DBAS-INS - Geometry (1, DhyA;[v)efault
File Conﬁgure View JeETCl dnalyze | Postpracess' Wodify “Report “Helb -

Numbered Sections
Lettered Sections he from Sec’non] To’
Outline Section »

Update Top ¥iew
Generate Elements

Figure A7. Preprocess menu item

3.1 Numbered section lines

Clicking Numbered Sections under the Preprocess menu item prompts the
user for the number of numbered (E-W) section lines. The number, 4, is entered
as shown in Figure A8 for this structure.

Mumbered Sections

ered section lines’

Figure A8. Enter 4 numbered section lines

The user is then prompted for the segment width. Width is defined to be the
dimension in the N-S direction. The center-line spacing is 18 ft and the walls are
1 ft thick, so the total width of the segment is 55 ft as shown in Figure A9.
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Segment Width @

How wide is the segment?

|55

Figure A9. Segment width is 55 ft

After the segment width is entered, the Numbered Section Coordinates form
in Figure A10 displays default locations for the E-W diaphragm walls. The
X coordinates are spaced at equal intervals. The default thickness of 1 ft will be
used. The default number of shell elements in the horizontal direction is set equal
to the Shell Refinement value entered in Figure A4. The default values are
accepted by clicking OK.

| w Numbered Section Coordinates Q@

X Coord Thickness Shell RefN
p-6.0" 1-0.0"
18-6.0" 1-0.0"
36-6.0" 1-0.0"

54'6.0" 1-0.0"

Figure A10. Numbered Section Coordinates form

3.2 Lettered section lines

After defining the locations of diaphragms in the E-W direction, similar steps
are performed to lay out the N-S diaphragm walls. Selecting Lettered Sections in
the Preprocess menu item (Figure A7) prompts the user to enter the number of
lettered sections in the Lettered Sections form, shown in Figure A11. Again,
since there are three panels in each direction, four section lines are required.
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Lettared Sections

- How many lettered section liies?

Figure A11. Lettered Sections form

The panel dimension is 24 ft in the E-W direction, so the total length of the
segment is 73 ft, accounting for a 1-ft wall thickness (Figure A12).

Segment Length

owi long is the segment?

Figure A12. Input the overall segment length

The default Z coordinates of the center lines of the N-S diaphragm walls
place them at equal spaces. The form shown in Figure A13 also allows the user to
designate the location and height of pier walls. This is not applicable in this
example. A zero height indicates that there is not a pier wall along that section
line.

= [ettered Section Coordinates
. ZCood Thickness

060" 1-0.0
24-6.0" 1-0.0"
48-6.0" 1-0.0"]
72.8.0" 1-0.0

Figure A13. Lettered Section Coordinates

After entering the locations of the diaphragm walls, the user may wish to
look at the top view by selecting the Update Top View option from the
Preprocess menu (Figure A7). The sketch shown as Figure A14 shows the
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location of the numbered and lettered sections as previously defined. Additional
details are added as described below.
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Figure A14. Preliminary plan view

3.3 Outline section

The next step in the preprocessing phase is to define the cross-section
geometry along the N-S diaphragm walls. The user first opens a template for the
spillway shape at the west side of the segment. If the segment has additional
spillways with different shapes, these will be described, in order, from west to
east. Available spillway shapes are listed in the Outline Section option in the
Preprocess menu, as shown in Figure A1S5.

Fie Configwe View Analyze Postprocess Modfy Report Help
Numbered Sections

(S) M teioredsocters e from Section[ A To[ B~

500 Cathoe Section [d  Fixed Crest Weir

— Update Top View Water Quality Gate Bay

EEREL . Generate Elements Standard Gate Bay
4o Rectangle

Figure A15. Select from standard spillway templates

A simple rectangle was used in this example. The initial cross-section
geometry shown in Figure A16 is generated given the default height of 20 ft and
the locations of the E-W diaphragm walls. The “spillway” cross section will be
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constant across this model, so this shape is defined from section line A through
section line D, as indicated at the top of the sketch.

DBAS~iNS N Geometry E:"K,Dbyd‘\DéfaJR )
File -Configure Yiew . Preprocess. Anslyze “Postpratess *Modfy " Repioit __Hefp\ L

; 2 Outside Shape from Section] A To[ D
-+ Shape S R

Outline
Design’ - \ 4
‘Controls’ g :
| pimseti]

Figure A16. Default rectangular cross section

At some time early in the session, the user will want to save the model using
a user-defined file name. This action is initiated by selecting Save As under the
File menu item shown in Figure A17.

DBAS-INS - Geometry (\DbyAiDefault
Configure ?iegﬁbvﬁepmcess"ﬁndvzs Pustprocess  Modify ~ Repoit: Hebp

|| Outside Shape from Section[ A To[B
| Shape et

Figure A17. File menu option

The Save As form (Figure A18) appears for the user to select the location for
the file and the file name. The file Examplel.dba is created in this case, and
subsequent backups will be written to Examplel.ba0 and Examplel.bal. After
saving, the user can exit the program and restart at any time by executing the
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program and selecting the Open option under the File menu item. The user is
then prompted to select an existing file as shown in Figure A19.

Save As @
Sovere [T ERLELE
@ ) algorithms [E)rier.dba
(C)Backup Rect.dba
MyRecent  |C3)Detail_Procedure wagb.dba
Documents CIFigures
@ ) SuperBackup
BookEx2.dba
Desktop |/ gookex.dba
BradSeg!1.dba
: W}? BradSeg1NP.dba
@ BradSeg2.dba
MyD Fewl.dba
) @ Fcw.dba
? @ One.dba
My Computer
@ File name: lExample1 _ﬂ | Save I
MyNetwork  Save as lype: ]DBA file (*.dba) _‘;] Cancel {
Places
P |
Figure A18. Save the model under a new file name
Open Backup File @
Look jrx | 9 Dbya > «®cFE-
(= (L Algorithms One.dba
: C)Backup [ pier.dba
MyRecent  |C3petail_Procedure [ Rect.dba
Documents (CFigures Wqgb.dba
@ IC3) SuperBackup
BookEx2.dba
Desktop BookEx.dba
BradSeg1.dba
BradSegiNP.dba
=) bradseqz.dba
Example!.dba
Fewl.dba
BiFcw.dba | Type: DBA File
Date Modified: 7/31/2002 9:21 PM
Size: 1.87 KB
File pame: l [etaul :J l Open I
MyNetwork ~ Flesoftype:  [DBA file [".dba) ~] Cancel ]
[~ Open as read-only
V% |
Figure A19. Open an existing backup file
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The user will now continue to develop the model. The plot currently displays
Dimension Set (Dim Set) 1, which includes the parameters that define the
Outside Shape of the model. Only the height of the rectangular spillway shape
can be changed at this time. This parameter is being changed to 18 fi, 1 in., in
Figure A20 to give the clear floor height in the example problem. Dimensions
can be changed by highlighting and replacing the default values.

DBAS;lﬁS - Géométry C:"z,DBQk’\EnampEl ‘
File " Corfigure  ¥iew ~Preprocess Analyze . :Postprocess  Modfy © Report” ﬁeb

Outside Shape from Section] A To| D .
Guteta [ATo[D

l— % Num

Ny

Figure A20. The cross section height is changed to 18 ft, 1 in.

After updating the view to reflect the change in height, the Outline Design
Control - Dim Set 1 is clicked to switch to Dim Set 2, which displays the slab
thicknesses shown in Figure A21. All are currently set to the default value of 1 ft,
0in.
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Figure A21. Slab Thickness parameters

A12

Nawy (2000)' assumed a floor slab thickness of 7 in., so the thicknesses of

the bottom slabs must to be changed to 0 ft, 7 in., as shown in Figure A22.
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Figure A22. Change bottom slab thicknesses to 7 in.

The final dimension set (Dim Set 3) controls the tapers at slab intersections.
Clicking the Dim Set 2 button accesses this set. Taper numbers are displayed at
all joints as shown in Figure A23.
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Figure A23.

A14

Taper Numbers are displayed in Dim Set 3

The default Taper Number, 0, has a Run of 12 in. and a Rise of 18 in., as
shown in the Taper Types form in Figure A24. Run is measured from the center
line of the diaphragm wall, and Rise, from the top or bottom surface as defined in
the main text of the DBAS-INS User Manual (Section 5.3.2.3). Taper Number 1
is defined with a Run of 12 in. and a Rise of 13 in. by clicking the Add button
after entering the values. The new taper number is assigned to all joints along
with the bottom slab by entering 1 in any of the taper number boxes
(Figure A25). The program automatically updates all tapers along the bottom
edge to Number 1 to force all bottom tapers to have the same rise. By assigning a
smaller rise dimension along the thinner bottom slab, the net taper dimensions
along the top and bottom are now the same.
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Figure A25. Taper numbers are changed along the bottom slab
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3.4 Update top view

Now that the spillway geometry is defined, the top view will be complete. It
is displayed by selecting the Update Top View option under the Preprocess menu
item. Figure A26 is the Top View form, showing the thickness of all slabs and
the run for tapers that are not controlled by the taper numbers in the section
outline discussed above. These are tapers between diaphragm walls. Figure A27
shows the effect of changing the leftmost Run Right value to 2 f, 0 in. (The
value was restored to 1 ft, 0 in., for the remainder of the problem.)

Mabonsle © ®
: o | @ . . .
ks
L L |
—ﬁj [ 7o T fac
7 Rey oo
LR I . |
[ -
— _— - [
) [Tomed . |1'41 r ‘m r 120" l" o0
- [ - L
|
e N s .
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[rae e [fas fav
. L [
@ | . i

Figure A26. Adjust thicknesses and tapers in the Top View
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Figure A27. Leftmost Run Right parameter is changed to 2 ft,
0in.
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3.5 Generate and view finite element model

The final step in the Preprocessing phase is to generate the finite element
mesh by selecting Generate Elements under the Preprocess menu item
(Figure A7). This step automatically creates all Shell, Super Point, and Super
Line finite elements based on the inputs described above. Figure A28 shows the
shell elements from the west view (XY). Figure A29 was generated by clicking
ZX to show the top view. Figure A30 displays the shell elements from an oblique
angle after clicking the IS button.

DBAS-INS - Geometry C:\DbyA' Examplel

2] 15 | s
K¥i vz 2x
wv| 2| zo] s g e

Figure A28. West view of shell elements
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Figure A29. Top view of shell elements
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Figure A30. Oblique view of the shell elements

View options can be changed using the Plot Control form, which is opened
by selecting Plot Control in the View menu item (Figure A31). The
superelements can be added to the plot by checking Super Point and Super Line
on the Plot Control form (Figure A32) and clicking UV on the DBAS-INS form.
The top view of the entire finite element model is shown in Figure A33. Super
Point elements are green, and Super Line elements are blue.

DBAS-ING - Geometry C:3DbyA'Default

Preprocess| ' Analyze ! 'Postprocess” Mudfy “Report Help =
;’5;:‘;,"”” Shape from Section[ A To[B
Zoom Out
Fit View
Box Zoom
3D Views »
| Render »

Plot Control
i

Figure A31. View menu item
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Figure A32. Plot Control form
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Figure A33. Top view of shell and super elements
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In addition to the default views, the view angle can be set to any arbitrary
direction by clicking the Set Angle (SA) button on the DBAS-INS form to
display the View Rotation form shown in Figure A34. The angles can be changed
using the sliding bars or by entering new values in the text boxes and clicking
Apply. Clicking Update View (UV) on the DBAS-INS form displays the model
from the new view angles, as shown in Figure A35.

w View Rotation

Figure A34. View Rotation form

DBRS—INS - Geﬁnmtry li‘u,DbyA'\Examplel
e  Corfigure. . Yiew  Preprocess ™ Andlyze . Postprocess Modiy, Report Help

BZ
Xy
32,4

B
Y212
S
a

N5

Figure A35. View from user-selected angles

The Plot Control form also allows the user to display a selected region of the
model bounded by the section lines defined in the Extents frame. The section
lines bounding the center panel are selected in Figure A36. The region is
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bounded in red on the sketch above the Extents label. Figure A37 shows the
effects of the Extent redefinition. The Box Zoom (BZ) command was used to

enlarge the plot.
= Plot Control g@@
Elements ——-
A D
¥ Shell ] z

¥ Super Point

¥ SuperLine
I~ Rebar

| Zoom Factor ] 2 X

™ Plot Curves ~Extents —
Curve Refine [ 10 I"2—‘
I~ Node Numbers l——-
' B l c
I Original Shape I——é—
I~ ShowLoads
¥ Mid Plane

I~ Show Local Axes

Figure A36. Define the Extents to
display only the
center panel
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Figure A37. Plot of center panel region
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To create Figure A38, Node Numbers were checked on the Plot Control
form, and Super Point and Super Line were unchecked to display the node
numbers. To make the node numbers legible or to locate an area of interest, use
Zoom In (ZI) and Zoom Out (ZO) as needed. The node numbers will be needed
in the next phase to define the locations of concentrated loads.

DBAS-INS - Geometry (\DbyA\Examplel
i Yo~ Preprocess Analyze - Pogtprocess  Modify ' Report. " Help

EE 81345 1242

.: Phase 1 3

gse

X
¥xizy
oVl

Figure A38. Display nodé numbers

4 Analyze

The Analysis phase follows preprocessing. Before running the finite element
analysis, the user must define material properties and the displacement and force
boundary conditions. These options are available under the Analyze menu item

shown in Figure A39.

DEA eome DhyA'Defa
Corfigure  View' - Prepracess Postprocess. Modfy Repart Helg "%
: ) . Materials e

Outside Boundary Conditions Ctlon{ ATO B
Zane Pressures

Analyze Model

Figure A39. Analyze menu item
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4.1 Materials

Material properties are assigned by selecting Materials under the Analyze
menu item to display the Materials form shown in Figure A40. The slab elements
are grouped by default according to their location in the model. The list of
predefined groups is displayed on the Materials form by expanding the Material
Name box (see Figure A41). For this example, the bottom elements (Figure A42)
are composed of normal weight concrete. All other elements were assigned a
density of 100.4 pcf in order to produce the desired pressure on the bottom of the

segment.
= Materials E'@@

Md«idem‘—] Material Type
NewMateid [~ . Add| [Ecestic
Yomg‘sModlnl .

L . Material Catalog
Polssoris Ratio | : W CONCHETE
‘Weight Density | . Lw CONCRETE !
oot . pcf STEEL i
Strength, fc | - p8i i
SteelViekd,ty [T .ps

Figure A40. Materials form
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Figure A42. Properties assigned to bottom
elements
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4.2 Boundary conditions

The Boundary Conditions options are displayed by selecting that entry under
the Analyze menu item (Figure A43). The Continuous Elastic Foundation option
is unchecked, and the Floating condition is checked to produce the desired load
for this example.

Figure A43. Boundary Conditions form

4.3 Adding load cases

The desired loading condition will be produced without adding load cases,
but two are added in this example to demonstrate this option in the program.
Figure A44 is the Fluid Depths form, which is displayed when the Zone
Pressures option is selected under the Analyze menu item. -

Fluid Depths (ft.)

Niipstream’

Figure A44. Fluid Depths form

In Figure A45, 10 ft of water is added to the four cells on the corners of the
model. The user first selects Load Case 1 (LC1), then enters the fluid levels and
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clicks Accept. When 10 is entered in box A1, that water depth is defined for the
cell bounded by section lines A, 1, B, and 2. Figure A46 shows the water level in
those four cells by plotting thick blue lines above the bottom elements at the
defined water level.

Fluid Depths (ft.}

A ) c b oK ’

Upstream o] 1] 1] 0
1 o 10 0 10 Canel I
2 0 o o 0 Accept ]

3 0 10 0 10
Downstream 0 0 0 0 Load Case
LCT >
Nodsl Forces !

Figure A45. Define Load Case 1

DBAS-INS - Geometry C: DbyA Examplel

Bl Configre Yiew Preprocess pnalyze Pogtprocess Modfy Report Helo
-
'|1‘-7125"
WAWAWZ (WAWAN?Z SWAWawY.
1
)
7 y e ror e (A4
Y ~7 i A7
AY AVZAY CVAVIA
7 17\ y
Phase? | —
| ZSRVARVAR) VARVARVARY VARV ERVERY '/
BZ| 1S |SA ¢
XvivzZ|2x Let
iZvi X2 % Num ﬁ
‘__,znznrv[hl T,

Figure A46. Water levels defined for LC1

Load Case 2 is nodal forces applied to the corners of the top middle panel.
Figure A47 was plotted to show the node numbers as those points. The Extents
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defined in Figure A36 are still in effect. For this load case, a 10,000-Ib load
(downward force in negative Y direction) is applied at Nodes 800, 813, 830, and
837 by choosing LC2 on the Fluid Depths form, then clicking Nodal Forces to
display the form shown in Figure A48. The Impose button is clicked after
entering the loads for each node number. Arrows showing the load locations are
plotted as shown in Figure A49.

DBAS-INS - G.eometry €\ DbyALExamplet
Fle  Configure Yiew Preprocess - Analyze  Pogtpracess  Modfy: Report ‘Help .

Figure A48. Nodal Force form
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Figure A49. Load vectors displayed on plot

4.4 Analyze model

The finite element model is analyzed for all load cases by selecting the
Analyze Model option under the Analyze menu item. Analysis can take several
minutes. The status bar in Figure AS50 tracks the most time-consuming operation
factoring the stiffness matrix. '

e

Factor Stiffness Matrix

Figure A50. Factoring Stiffness Matrix status bar

5 Postprocess

A deflected shape plot is displayed upon completion of the finite element
analysis. Additional postprocessing is controlled by options under the
Postprocess menu item, shown in Figure A51. and under the View | Render
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options shown in Figure A52. (Note that the shell refinement was increased to 4
by 5 elements in the top and bottom slabs to give the results displayed in this

section.)
3iif: POITIE Dhy A5 Dela
File - Configure “View Preprocess = Analyze e Modify - Report Help
i T3 . Results .
(S)tl:tSIge S Design Concrete lon ATO B
a : -
i< EE Y
VETT

Zi

.

Figure A51. Postprocess menu item
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Fit View
Box Zoom
3D Views
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Plot Control

Figure A52. View | Render menu item

5.1 Deflected shapes

Results are plotted for the load case selected on the Fluid Depths form.
Figure A53 shows the results from the No (Internal) Pressure load case.
Deflection due to upward pressure on the bottom slabs is obvious. The default
deflection multiplier is 1,000. This can be changed on the Results form, which
becomes visible after the analysis is complete (Figure A54) or may be displayed
by selecting the Results option under the Postprocess menu item.
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Figure A53. Deflected shape plot with no internal fluid pressures

w Results [:l @I@

Deformation | H 00D
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Figure A54. The Deformation Muiltiplier can be
changed on the Results form

The results from other load cases can be displayed by selecting the desired
load case in the Fluid Depths form shown in Figure A44. Figure A5S is the result
of LC1 with the four corner cells filled to a depth of 10 ft. There is little bending
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in the four comer slabs because the internal water pressure counteracts the
upward pressure on the bottom of the segment.
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Figure A55. IS view of LC1 results

Checking Super Point and Super Line in the Plot Control form will plot the
deflected shape of the superelements. This operation is computationally intensive
because shell node deflections must be transformed to determine the deflections
of all master and slave nodes in the superelements. The user should consider
reducing the Extents of the plot before updating the view when superelement
plotting is turned on. However, all superelements must be plotted before stress
results on superelements are viewed because information calculated during the
plot is used to calculate stresses for display and to determine shear, moment, and
thrust. This will occur automatically if required. Figure A56 shows the deflected
shape under LC2 with superelements displayed. Obviously, most deformation
occurs in the shell elements.
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Figure A56. Deflected shape under Load Case 2
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5.2 Stress results

Stresses on exposed faces of the model are plotted using the View | Render
| Solid menu option. The initial plot will show stresses in the X direction.
Figure A57 shows the flexural stresses in the bottom slab. The stresses calculated
from superclements are not averaged with those from the shells, creating a slight
discontinuity in the contours. This is expected, and improves with greater mesh
refinement.
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=~ Rendering

Figure A57. X-direction stresses in superelements by
center panel

The stress component can be changed in the Component box at the bottom
left side of the form. Figure A58 shows the Z stress component. The results are
similar to X stresses with somewhat different magnitudes because the panel
length is longer in the Z direction.

= Rendering

Figure A58. Z-direction stresses in superelements by
center panel
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5.3 Shear, moment, and thrust results for shells

Plots of shear, moment, and thrust on shell elements are also initiated
through the View | Render menu item. Any of the six components shown in
Figure A52 can be selected. Figure A59 is a plot of moment in the 1,1 direction
on shells surrounding the center panel. The local directions are consistent for
each of the four shell types as follows:

Bottom — 1 is X direction, 2 is Z direction

Top — 1 is X direction, 2 is Z direction

Numbered - 1 is X direction (horizontal), 2 is Y direction (vertical)
Lettered - 1 is Z direction (horizontal), 2 is Y direction (vertical)

= Rendering

Moment
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Min [~3367.207

-3.37E+03

§.34E+03
[ TE%
o |

Component
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Figure A59. M1 results

The local axes can be superimposed on the slabs by checking the Show Local
Axes box on the Plot Control form (Figure A36). Figure A60 shows the
M2 component results with this option checked.
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Figure A60. M2 results

Shear, moment, and thrust values can be displayed from any view. The view
direction in the rendering is the same as that in the latest update of the main
DBAS-INS form. Figure A61 shows moments in the bottom slabs. In Figure A62
the contour intervals are changed by entering the desired minimum and
maximum in the text boxes at the top and bottom of the contour bars on the left
side of the form. In this case, the range is changed from -4,000 to 6,000 ft-1b/ft.
Clicking the Auto button before plotting will change the Min and Max to enclose
the range of values on the entire structure.

= Rendering

Figure A61. Moments on the bottom slabs
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Figure A62. Bottom slab moments with the manually
adjusted contour intervals

Figure A63 shows moments in the Z direction on the bottom slab.
Magnitudes of negative moments are somewhat lower than moments across the

short span (X direction), as expected. Figures A64 and A65 plot out-of-plane
shear.

=

Figure A63. Z-direction moments (2 axes on bottom
slab)
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Figure A64. Out-of-plane shear — 1 direction

= Rendering

Figure A65. Out-of-plane shear — 2 directions
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5.4 Cross-section stress plots

Left-clicking the Phase 1 plotting button on the DBAS~INS form switches
plotting to Phase 2 to output stress contours on cross sections of the model. The
location of the desired plot selected in the Plot Control form is shown in
Figure A66. Figure A67 is a plot of Z stresses along Section Line A. Stress
values are evaluated in both the shells and superelements in the cross section.
The results show a negative moment caused by the distribution of the weight of
diaphragm walls in the floating condition.
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Figure A66. Location of cross-
section plot is
shown in
Plot Control form
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Figure A67. X-direction stresses along Section A
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5.5 Shear, moment, and thrust diagrams

The plotted cross section is changed by entering B in the Extents frame of the
Plot Control form (Figure A68). The Shear Moment Thrust form is opened by
clicking Plot SMT on the DBAS-INS form. The Select Box button on the
SMT form (Figure A69) is then clicked to designate a region for SMT plotting.

w. Shear Moment Thrust

Figure A68. Shear, moment, and thrust form

= Plot Control

[ ShowLocel Aves

Figure A69. Enter B in Extents to plot
midplane cross section
between lines B and C

Appendix A Example Problem 1 (Floor Slab) A39




A40

After clicking Select Box, a region is identified by clicking the mouse at
opposite corners on the cross-section plot, as shown in Figure A70. The
SMT diagram automatically updates to show results for the designated region
(Figure A71).

DBAS-INS - Geotnetry (: DhyA' Examplet
Ble Corfixre Vew Preprocess Analyze Pogtprocess Modfy Report Heb

1.34801 2268401 25% 401 290 3256401 3560

) Devsiect Bos |

\\‘

b N of moment per unk
3280 depth. g A-bBA
1.94€+01 22801 25%.0 29201 32501 35S0 el

ot
®
8
N
A
L1

1401 22601 25% 401 28501 32501 2560

Figure A71. All three SMT plots
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5.6 Design concrete

The concrete design can be viewed by opening the Top View (Preprocess
| Update Top View), clicking Design Info, and clicking the text box for the
desired slab. The text boxes were shrunk in Figure A72. The Design Results
shown in Figure A73 can be compared with the results from the textbook
solution (Table Al and Figure Alb).

w Design Results
- Slab Type Botiom

thol+= 1.964286E-03 -#3@8
hot-= 1.732494E-03 - # 3@ 12
02+ = 2.857143E03 -H# 4@ 10
02-= 1.864076E-03 -# 3@ 12
oMin= 0018 rthoMax = .0213801
-‘Shear Factor of Safety = 1.283144
| Thickness = .5833333 Tmin = .5002585
- Material = Bottom

Figure A73. Design Results for center of
bottom slab
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6 Results Summary

The design calculated by the DBAS-INS program agrees well with the
textbook solution that was based on the Direct Design Method. Since the load
imposed in the computer program is an upward pressure, a negative moment is
developed in the center of the slab instead of a positive moment in an actual
floor, so the reinforcement should be reversed. The program calculates #3 @

12 in. for the moments in the center of the slab. The floor slab required #3 @

8.5 in. The reinforcement for negative moment regions of the floor slab (positive
moments in the DBAS-INS results) is greater. Similar steel ratios were obtained
by the program and the book solution. The shear results are in good agreement
with the textbook design, and the 7-in. thickness was originally selected because
the minimum thickness, 7, was greater than 6 in. (0.5 ft).
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Appendix B
Example Problem 2
(Complete Section)

The Complete Section example demonstrates the methods to generate a
model of a complete section of an innovative navigation structure. It will focus
on procedures and capabilities that were not required for the simple model in
Example Problem 1 (Appendix A). Segments 1 and 2 of the Braddock Dam
project were modeled. Three different spillways are on the Segment 1 model,
separated by piers. Figure B1 shows the plan view of the segment. The local
NSEW coordinate system is displayed and used throughout the model. Segment 2
is two Standard Gate bays separated by piers.
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Figure B1. Braddock Segment 1

Preprocess

The first step in modeling the structure is to input the number and locations
of the diaphragm walls. These are accessed through the Preprocess menu item

(Figure B2).
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DBAS-ING - Genmetry C:-DbyA Defaolt
MGl “dvre Postprocess Modfy Report Help
e sorsbe trom Section[ A To [8
Sh ouvesaton »
| Updats Top View
Genor ate Blemonts

Figure B2. Preprocess menu item

There are eight numbered section lines in Segment 1, so the number of
segments (Figure B3), the width of the segment (Figure B4), and the
X coordinates of the section lines and wall thicknesses (Figures B5-B7) are input
in response to prompts from the program. The coordinates and thicknesses can be
entered in feet and inches or decimal values of feet.

Numbered Sections

x]
How many numbered section fines?
Cancel l

ke

Figure B3. Input 8 numbered section lines

Segment Width

(]
| How wide is the segment?
Cores |

|45

Figure B4. Input the width of the segment

w Numbered Section Coordinates |ZJ[§'E|
¥ Coord Thickness Shell RefN

060 100 oK ]
153375 100" :
300875 100"
4410250 1-0.0"
59.7.750"]  1-0.0"
745125 100"
892625 1-0.0"

104-00°] 100"

Uy QY RTY QY Ry RNy Y

W N M N e N

Figure B5. Default section coordinates are
equally spaced over the width
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¥ Coord”™ Thickness Shel Heﬁij :
T oso] 100
1660 100"

28 100
Jao2s0] 100"
5159770 1-0.0"

745125 100"
[ea2e25] 1007
104007 1-0.0

Figure B6. Actual coordinates can be entered
as feet in a decimal format

oord  Thickness ShelRefN
0607 100
1B60| 0700
260 000"
30| g0
56007 1-00"
7200 100"

8507|100
04007 1007

Figure B7. Wall thicknesses are revised in the Numbered Section
Coordinates form

After numbered section properties are entered, the user selects Lettered
Sections from the Preprocess menu item and inputs the number of section lines
(Figure B8), the length of the segment (Figure B9) and additional properties of
the lettered section (Figures B10-B12).

Lettered Sections

How many lettered section I&wés’?

Figure B8. Input 18 lettered section lines
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Segment Length

| How long is the segment? - 0K

Cancel

Figure B9. Input the length of the segment

= Lettered Section Coordinates Q@f@
Z2Coord Thickness Shel Refl PierHeight ——
1 o060 100" o L i OK
21200375"] 100" : 0-0.0" Cancel '
3(336750"] 100" : 0-0.0"
4 s3v0] 100" = 000"
5(78:7375 100 : 0-0.0"
6 (981750 1-00" : 0-0.0"
7 [7sas| 1007 3 0-0.0"
8 [y372500]  1-0.0" 7 0-0.0"
9 (1568875  1-0.0" 0-0.0"
10 17631251  1-0.0" L 0-0.0"
11 [135'9500] 1-00" ! 0-0.0"
12 [2153875] 1400 ! 0-0.0"
13 2341025 100" : 6-0.0"
14 2544825 1.00" 000"
15 [273-11.0°]  1-00" : 000"
16 [2935280] 1-00" . 000"
17 3121182 100" 0-0.0"
18| 332.60"] 100" ! 0-0.0"

Figure B10. Default values for Z coordinate and thickness are
assigned initially

The default Z coordinates are updated to reflect the actual design values as
shown in Figure B11. One pier height value has been entered in the figure for the
fifth section line (E). The user highlights that value and uses Windows hot-keys
to Copy (Cntl-C) and Paste (Cntl-V) the value in other locations, as shown in
Figure B12. A coarse shell refinement of 1 is maintained for the initial model.
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w | ettered S

- ZCoord  Thickness ShelRefl.

060 100 L
16001 100"
2007 100"
s760 100"
78607 190.0"
8960 100"
1006.0" 1-0.0°
10000 100"
150:00" 100"
189560° 100"
200:6.0" 100"
2160 100"
2260 100"
262-00"  10.0"
272.00" 100"
3160 1w0.0"
22607 1400
332607 100"

1
2
3
4

0007
0007
000
000
000
0007}
0007

0007
0007

el IS IS Y Y ) ) ) Ty QR pUETY NI QUEFY QUETY RS RPN R

Figure B11. Enter a non-zero pier height at pier wall
section lines

w | ettered Section Coordinates
" ZCood Thickriess Shell Rell Pies Haight
060" 1-00" : 0-0.0"
1800} 100" 0-0.0"
26-0.0" 1-0.0" 0-0.0"
67-6.0" 10.0" 0-0.0"
78-6.0" 1-0.0" 42-3.625"
89'6.0" 1-0.0" 42'-3.625"
100-6.0" 1-0.0"
140:0.0"f 100"
150-0.0" 1-0.0"
1896.0" 1-0.0"
200-6.0" 1-0.0"
211-6.0" 1-0.0"
2226.0" 100"
262-0.0" 10.0"
272.0.0" 1-0.0"
'eo 100" 0-0.0"
322e.0" 1-0.0" 42'.3.625" T
332)'-8.0"\‘ 1'0%———— 42'-3.625" ‘ & . l

0007 -
000

42-3625"
42-3.625"
0-0.0")
0-0.0"
0-0.0"

SNy QEIFY pEUTY gy qirg iy QP TTY T EETY QRS RUERY RPN DY (NS RN [

Figure B12. Pier height is pasted in all appropriate boxes
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After laying out the diaphragms, the user adds spillway section outlines to
the model. An appropriate template is selected from the Preprocess | Outline
Section menu item as shown in Figure B13. The sections should be generated as
they occur from left to right (West to East) in the model.

DBAS-INS - Geametry C:\Program Files Microsoft Visual Studio” V898 Default
ool Al Analyze Postprocess Modfy Report  Help

Oy Memersdsetons  be from Section[ A To[ B~ -

Fi-ed Crest Wer

Update Top Yiew Water Qualkty Gate Bay
Generate Elements Standard Gate Bay
Rectangle

Figure B13. Preprocess | Outline Section menu item

The default layout for the Fixed Crest Weir appears when selected
(Figure B14). The default values reflect the Braddock design. Modifications to
the parameters are input in the text boxes, and the Update View (UV) button is
clicked to show the changes to the model.

DBAS-INS - Geometry (:* Program FilesMicrosoft Visual Studio* ¥B98 Default
Bo Configre Yiew Preprocess Analyze Pogtprocess Modfy Report Help

Outside Shape from Section| A To{ R
Shape r—— l—

Length
Radius 1500" Radius
o0 5.0.0"

Height
|40'410

 Outline Height ‘
Design y ;
Controls E E ‘ g
Dim Set 1 I
Section 1
Phase 0 '
BZi15]8A
XY Y224
w2y » .
w2z FV!‘I : i f 2]

Figure B14. Default fixed crest weir outline
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Clicking the Dim Set 1 button displays Dimension Set 2, which controls the
slab thicknesses (Figure B15). Three diaphragm walls are shown as 10 in. thick
based on the input provided in Figure B7 above. Any of these values can be
changed. The view can then be updated to reflect the changes in the plot. The
section of the model with this spillway shape is input by changing the section
letters in the Shape from Section text boxes at the top of the sketch. Figure B15
shows that this shape is used from Sections A through F.

DBAS-INS - Geometry E;\,Progran“n Fileikl"ﬁcmsoft Yisual Studio’ Y898 \Defauit
Hls Configure “Yiew " Prepinkess’ Andyze “Postprocess ™ Modfy “Heport Help

Slab Shape from Section] A To] F
Thickness I— '

| 0. '.'“ [for_[foe” [iar
{0100 imoe | Troo || Troor) [rov |
[roo” [roe” [roo”  [roo 100

jiro0"  ji00"

é‘)i:"KF‘haseﬁ !

Figure B15. Dimension Set 2 - thicknesses

Dimension Set 3 is accessed by clicking the Dim Set 2 button (Figure B16).
Clicking Dim Set 3 returns the plot to Dimension Set 1. The default Taper
Number of 0 is displayed at all joints. The Zoom commands can be used to
clearly display the taper number text boxes in crowded regions of the model, as
shown in Figure B16b. This is a taper with a Run of 12 in. and a Rise of 18 in., as
shown in Figure B17. Refer to the main text of the User Manual (Section 5.3.2.3)
for a complete definition of Run and Rise as they are used in DBAS-INS.
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DBAS- INS - Geontetry ChProgram Fikes' Microsoft Visual Studio® vB981 Default
Ble Confiqre Yiow (yeprocess Anayze Pogtprocess Modfy Report tHelp

Taper Shape from Section| A To| F
Number A I—_

B hirs
N
o RJ-\

Outline

Comvots o Lo Wﬁ%ﬁmﬁ—ﬂm

o

Erites

Section 1

Ph-eﬂ[

82/ 15 |sA
*vivZi2X
xizrixe

v
wi21zp pvial | o

a. Tapers

DBAS-INS - Geometry C:-DhyA' BradSeqlA
Fe Configre Yiew Analyze  Postpr Modfy Report Help

Taper Shape from Section| A To| E
Number r—— l_

Qutline
Design
Controls

DimSet 3
Section 1

Phase 0 |

2% X[R

g8 ¥E

s
Yz
zY
a

Yl — '  —

b. Zoom on the downstream end of the spillway
Figure B16. Dimension Set 3 (Continued)
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The user will normally want to add tapers with different properties to the
model. The default works well at 90-deg joints, but other configurations may be
desired on sloped faces. New taper numbers are defined in the Taper Types form
(Figure B17), which appears when Dim Set 3 is active.

Figure B17. Taper Types form

Figure B18 shows the tapers used in this model. The user can add new tapers
at any time by entering the Run and Rise and clicking Add. The new tapers have
been input in Figure B19 and the view updated to reflect the changes.

w Taper Types

Figure B18. Four taper types are defined
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DBAS-INS ~ Geometry C:'DbyA’Braddockt
He Configwe ¥iew Preprocess Analyze Postprocess Modfy Report Help

Taper Shape from Section| A To[ F
Number r— l_—

BZ
XY
)

NINIRI®
Hiai¥e

o M — _ —

I

uv

Figure B19. Assign new taper numbers

The spillway shape in the middle of the segment is a Water Quality Gate
Bay. This shape is added by selecting the appropriate template under the
Preprocess | Outline Section menu item as shown in Figure B20.

Fie Configure View Analyzs Postprocess Modfy Report Help

Ta| [wrbersdsetens e from Section[ A To[ F =

. Update Top Yiew warer Qualty Gate B3y
LR R Generate Elements Standard Gate Bay
qa00 Rectangle

N
X5 ais lm Fixed Crest Wer

Figure B20. Open the Water Quality Gate Bay template

Figure B21 shows the default shape. The user has defined the location of this
spillway from section lines F through L. The Thickness and Taper Numbers are
displayed in Figures B22 and B23.
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DBAS-INS - Geometry C\DhyA'Braddocks
e Configure - Ylew Proproc dnalyze’ Pogp Modfy= Bepolt telp

.| Outside Shape from Section| F To| L
Shape. _napefrom Section|

DBAS-INS - Geomebry C:\DhyA»Braddock 1
 le - Gonvigus-~ View - Preprocess’ inalyzs * Postpeocess -~ Modify " Report  Help

Slab
Thickness

BEN

Figure B22. Water Quality Gate Bay slab thicknesses
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DBAS-INS - Geometry C:'DbyA'Braddock1
Fle Corfigre Yew Preprocess Andlyze Pogtprocess Modfy Report Help

Taper Shape from Section| F To| L
Number e l_

B

Outline
Design
Controls

‘ [} : ,
B RAR RARRE F%_@ﬁ?—ﬁ[ﬁ_ﬁ)

Section 2
Phase 0 I

SA
YZ|2ZX
2

o v [T r“—‘“—f

I

Figure B23. Water Quality Gate Bay taper numbers

FAEIEI L
NN

The final spillway is a Standard Gate Bay. This template is opened as shown
in Figure B24. This shape forms the remainder of the segment from section
lines L through R (Figure B25). Thicknesses and tapers are shown in
Figures B26 and B27.

DBAS-INS - Geometry (:*DbyA" Braddock!
Ble Configre Yiew [REGHE Analyze Pogtprocess Modfy Report Help

ey be from Section[ F To[ L~
Fixed Crest Weir
Update Top View Water Qualty Gate Bay
Generate Elements arandard Gate Bav
oo | Rectangle

Figure B24. Create Standard Gate Bay template
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DBAS-ING - Geometry C:\DhyABraddock1

e Confiars pow Breprocess” anahze P Hdfy Reoatt ‘top o -

Outside Shape from Section| L To| R
| Shape [E. r-—

Figure B25. Assign the Standard Gate Bay to sections L through
R

DBAS-INS - Geometry £A\DbyA Braddock
e “Configwe ew Prepiocess ' Analyze Pidprbcess | Mudfy ReruitHelp

.1 Slab Shape from Section] L To{ R
Thickness P i— {—

67760

 E T

Figure B26. Standard Gate Bay thicknesses
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DBAS-INS - Geometry €\ DbyABraddock1 =
Hie Confiqre Yew Preprocess gnalyze Pogprocess Modfy Report Hep

Lapel: Shape from Section] L To[R
umber
¥ o

Outline

Comtts ol [y rrrrzﬁr 5 Ol |

Section3 |
Phase 0 |

N NIgE
HixRly

74
Xy
X
w

(1153 A— l_“_‘—“bl:

Figure B27. Standard Gate Bay taper numbers

After laying out the spillways for the model, the user can plot the top view
(see Figure B2) to check the inputs and modify slab thicknesses and some tapers.
Figure B28 is the default top view showing the entire model. The user can plot a
smaller part of the model by changing the Extents in the Plot Control form
(Figure B29). Figure B30 is a plot of the northwest corner of the model.

rv-n- _-ll-llll-ll-llll-ll-
Mo : l--ll----ll----l

e | I I A N
o= | |
A O O e

r-l--ll----ll----l
= o o
e | e e o e

Figure B28. Top View plot
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w Plot Control

:t:ri‘lsﬁow LocalAxes

Figure B29. Change the Extents in the Plot
Control form to display part of the
segment

Figure B30. Click Update to display part of the model as defined in Figure B29
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The user requests a Materials Display in the upper left-hand corner of the
Top View form. Figure B31 shows the default materials assigned to the model.

Trsis—=—1
: o -_—J -J [ : JL
Sl =]
;E,_® -_J -JL : ][
i — gl

of | || | - 1

Figure B31. Default material properties

The final step in the Preprocess phase (Figure B2) is to Generate Elements.
Figure B32 is a plot of the shell elements in the Braddock Dam, Segment 1,
model.

DBAS INS  Geometry . OhyA:BradSegl

R

e,
4
#

IEIEIL
IR E
NI Y¥®

Figure B32. Shell elements in the finite element model
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Analyze

Additional model parameters are input in the Analyze Phase. These include
material properties, boundary condition, and load cases. These options are
accessed through the Analyze menu item (Figure B33).

 File . Configure - View Prepracess OB Postpiotess - Modfy “Repart Help
o . Materials .
- | Outside Boundary Conditions echon! A To B

Shape Zone Pressures
Analyze Madel

Figure B33. Analyze menu item

Six default material names are provided, as shown in Figure B34. These
properties will be automatically assigned to appropriate elements in the model.
New material names can be added using the Materials form, and the material
assignments can be changed in the Top View (Figure B31).

w Materials

Méteriai Type

i [msnt —

Material Catalog
Nw CONCRETE

Figure B34. Material form with six default material names

Material properties can be added directly in the form, or a material in the
Material Catalog can be selected to create properties for the material listed in the
Material Name box (Figure B35). These properties can be modified as required.
Changes are made automatically to the model when a value is changed. Material
with properties shown in Figures B35-B37 was used in the Braddock Dam
model.
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= Materials

Material Name IBottom _v_i

New Material |

Poisson's Ratio
Weight Density
Strength, fc
Steel Yield, fy

¢ _Add

Young's Modulus |4.03 ; msi

f30—__

5000 . psi

ISDOUO s pst

- BX]

Material Type
ELASTIC

Material Catalog
N\W CONCRETE

Figure B35. Select lightweight concrete from the Material Catalog

B = Materials g@@

M aterial Name [f3 ﬂ

New Material |

Poisson's Ratio

Weight Density
Strength, fc
Steel Yield, fy

Add'

Young's Modulus | 403

10‘2
l 50
|500El ; psi

60000 " psi

Material Type

ELASTIC

Material Catalog

Nw CONCRETE
Lw CONCRETE
STEEL

Figure B36. Concrete properties for top slabs

= Materials

Material Name ] .l

New Material | _A_de
Young'sModulus [312  :msi
Poisson'sRaio  [o2
Weight Density |"Z§_'_"'

- Shrength, fic [50?'__— . psi
SteelYie.ty  [G3000 P

- [O)x]

Matesial Type

ELASTIC

Matetiél Catalog

Nw CONCRETE
Lw CONCRETE
STEEL

Figure B37. Properties for tremie concrete

Boundary conditions are selected in the Boundary Conditions form

(Figure B38).
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Fontinuous Elasta Faurdsion :

Figure B38. Boundary Conditions form

When the Floating condition is selected (Figure B39), the program will
calculate the approximate float depth based on unfactored loads. Once the
pressure distribution is established, body forces are multiplied by the dead load
factor, and pressures are multiplied by the live load factor to complete the
analysis.

¥ Floating
| I :SetDown Shafts
[ DilledPiers

Figure B39. Select the Floating boundary
condition

Loads from water or tremie concrete in individual cells in the structure are
defined in various load cases for the model. The Fluid Depths form shown in
Figure B40 is opened by selecting Zone Pressures under the Analyze menu item
(Figure B33). Negative values indicate that the fluid is tremie concrete. The -6
value entered in Row 2, Column L in Figure B40 indicates that there is 6 ft of
tremie concrete in the cell bounded by section lines 2, L, 3, and M. When the
tremie is fully cured, this input reflects dead load in the cell.
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Hluid Depths (ft.)
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Figure B40. Fluid Depths form

Positive 1.5 is input in cell 1C (Figure B41) to account for water used to
ballast the structure.

Fluid Depths (ft.)

) [c o le

Upstream

)
o

__
&

ajalololaisle
o

silo|loafslwinja

Figure B41. Water is added to cell 1C for ballast

Figure B42 reflects the input for Load Case LC2 defined above. Blue
rectangles indicate the water depth in the cell. Gray designates tremie concrete.

UHAS NS feametry (2 DhyA - Braddnck
fe Configre ‘Yow Brogrocess Apsiyze Postprocess Modfy Report Lislp
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Figure B42. Load Case 2 fluid levels
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A boundary condition can be defined when the structure is resting on a
limited number of drilled piers designated as Set Down Shafts (Figure B43). The
locations of the shafts are defined by clicking the Define SDS button to open the
Set Down Shaft Locations form shown in Figure B44. An X is placed in a box to
designate that a set-down shaft is located in the cell on the southeast side of the
intersection of the designated section lines. The user has just input a shaft under
the cell bounded by section lines 6, K, 7, and L.

w Boundary Conditions

- Geledt ore bt more

e

| ¥ Set Down Shafts

Figure B43. Select Set Down Shafts boundary

condition
Set Down Shaft Locations
S rE ¥ E K L

lfaﬁcé'f :

Lalalols o]l

Figure B44. Define Set Down Shafts

A similar input form is available to define other drilled piers used in the
foundation for the segment (Figures B45 and B46). Lateral stiffness values are
input for the piers in the appropriate cell of the Drilled Pier Stiffness form.
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= Boundary Conditions

-~ Select one or more
| I~ Continuous Elastic Foundation
™ Floating
[~ SetDown Shafts Define SDS l
¥ Died Prerd Define DPS |

| Foundation Stifness  |——100 ksf
[V Body Force

Float Depth IU.O ;
Dead Load Live Load
lFaclorDa |1'4 i Factoro |1-7 o

Figure B45. Select Drilled Pier boundary

condition
c ) E F 6 oK
1 o/ -e7e000 o -976000
2 o/ -976000 o] -976000 Cancel
3 o o 0 0
4 0 0 0 0
5 o/  -976000 o| -976000
6 0| -978000 o -976000
7 0| -976000 o[ -e76000]
Jsi ] , 2

Figure B46. Enter lateral stiffness values in the appropriate cells

The final step in the Analyze phase is to Analyze Model (Figure B33).
Analysis of large models requires extensive computing time. Upon completion, a
deflected shape plot of the model is generated and displayed. Figure B47 is the
deflected shape plot of the Segment 2 model supported by the set-down shafts
under the piers viewed from the downstream side. Figure B48 adds the
superelements to the plot. The overall structure deflects as a beam supported at
three points, but the deflection of individual slabs under their self weight is also
evident. Buoyancy forces were not included in this example.
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DBAS-INS - Geumetn; C:\,Dﬁyﬂ't,ﬂraﬂSegZ )
‘Fle Configure Yiew ' Brepiocess! Analyze’ Postpeocess Modfy ! Report ™ ‘Help

Mty Rt Help s
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Figure B48. Deflected shape with superelements plotted

The shear forces in the bottom slabs are plotted in Figure B49. Shear is
highest near the set-down shafts, which are labeled in the figure.
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= Rendering

R A W e s e A A AEr S b

Figure B49. Shear in bottom slabs

Figure B50 shows thrust values on the external shells in the model. The local
axes (1,2) are superimposed on each slab to indicate the direction of T1.
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= Rendering

Figure B50. Thrust on Segment 2

Individual slab designs can be reviewed from the Top View (Preprocess
| Update Top View). With the Design/Info button checked, the user clicks in the
appropriate text box (Figure B51) to display the results in the Design Results box

(Figure B52).
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Figure B51. Request Design Information in the top view
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Shear Factor of Safety = 3.369256
Thickness = 1 Tmin = .2344263
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Figure B52. Standard Design Results report

In Figure B53, the Extents are changed to display part of the model.
Figure B54 is a plot of thrust forces with the three west-most rows of cells
removed. This allows the user to easily view results on internal slabs.
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w. Plot Control
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Figure B54. Plot of Segment 2 with some cells removed

The following results are from the Segment 1 model. One cell is filled with
water to observe the results of an analysis with a high differential pressure
between adjacent cells. Figure BS5 shows that 20 ft of water is placed in Cell 2B,
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which is surrounded by section lines 2, B, 3, and C. Figure B56 is a bottom view
showing the magnified deformation of the interior diaphragm walls when the cell

is filled.
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Figure B55. Water is placed in a cell in Load Case 1
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Figure B56. Deformed shape plot
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The calculated Float Depth of 9.3 ft is displayed on the Boundary Conditions
form shown in Figure B57.

Figure B57. Boundary Conditions form displays
calculated Float Depth

Moment results and the critical shear component for the bottom slab are
shown in Figures B58-B60. These moments are based on factored loads.

= Rendering
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Figure B58. Moments on bottom slab — direction of flow
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= Rendering
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Figure B59. Moments in bottom slab - transverse to flow

w Rendering

T

=

Figure B60. Critical shear in bottom slab

The rendering in Figure B61 shows moment values on the external faces of
the model. The Extents are modified on the Plot Control form (Figure B62) to
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display an internal diaphragm wall that is exposed to the fluid pressure in the full
cell. The moments in slabs along the B section line are shown in Figure B63.

Figure B62. Adjust Extents to expose slabs of
interest
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= Rendering

Figure B63. Moments with row of cells removed from the plot

The Top View is used to review design results. The designs for the three
slabs highlighted in Figure B64 are displayed in Figures B65, B66, and B67.
Figure B68 is a plot of the shear to review the Letter 3B. The design results
indicate that the shear strength is inadequate.
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Figure B64. Request design results using the top view
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Figure B65. Design of large bottom slab
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Figure B66. Design of wall of filled cell
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= Rendering

Figure B67. Review high shears in vertical slab
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Figure B68. Design of smaller wall of filled cell

The final option for postprocessing is to view stresses on cross sections and
generate Shear, Moment, and Thrust diagrams. The Mid Plane between section
lines A and B is selected using the Plot Control form (Figure B69). The
horizontal stresses are displayed in Figure B70.
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Figure B69. Select mid plane for plotting
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Figure B70. The X stresses in the cross section indicated in
Figure B69
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B36

A new cross section is selected in Figure B71, and the X stresses are plotted
in Figure B72. Note that the flexural stresses indicate a negative moment in the
bottom slabs caused by upward pressure on the floating structure.
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Figure B72. Plot X stresses on cross section
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To investigate flexural stress in the diaphragm walls around the filled cells,
the Y-direction stresses (SY) are plotted (Figure B73). The view is then rotated
by plotting YX, the Plot SMT button is clicked to open the Shear Moment Thrust
form (Figure B74), and Select Box is clicked in order to highlight the slab of
interest (Figure B75). The view was rotated because the SMT plotting routine
cuts cross sections in the vertical direction to evaluate moment. Figure B76 is a
moment diagram for the selected region.
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Figure B74. Shear Moment Thrust form
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Figure B76. Moment diagram for selected diaphragm wall

All significant load cases would be analyzed and the worst case for each slab
identified by the computer program in order to determine the final design. The
thickness of slabs would be modified in the Redesign phase (either automatically
or manually by the user) to develop the most efficient design that satisfied all
criteria. Finally, a report is generated to document the results of the analysis.
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Appendix C
Neutral Geometry File Format

~ The neutral geometry file describes the lines elements generated by the
program. The first line is a number denoting the total number of line segments
defined in the file. Each subsequent line consists of an integer value indicating
the data set to which the line is assigned, followed by six single precision
numbers that give the X, Y, and Z coordinates of the end points of the lines.
Curves are broken into line segments.

e LINE 1: Number of line segment in the file - N

e LINES 2 — N+1: Data set number, X1, Y1, Z1, X2, Y2, Z2

Appendix C  Neutral Geometry File Format C1
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